Jo 3? USo /> 



(19) 



J 



EuropaischeiSKentamt 

European Patent Office 
Office europeen des brevets 




>4z 



(11) 



■II 

EP 1 063 228 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) intci. 7 :C07C311/14, C07C 303/38, 


27.12.2000 Bulletin 2000/52 


C07D 275/06. A61K 31/235 


(21) Application number: 99907879.3 


A CI W Qi IAOK 

Aoir\oi/4^o 


(22) Date of filing: 08.03.1999 


(86) International application number. 


PCT/JP997011Q3 




(87) International publication number 




WO 99/46242 (16.09.1999 Gazette 1999/37) 


\\J*rJ L>Coiyi IcJLcU Oul IU dI_>UI ly OlalCO . 


• II, Masayuki 


AT BE CH CY DE DK ES R FR GB GR IE IT U LU 


Minoo-shi Osaka 562-0001 (JP) 


NIC NL PT SE 


• ITOH, Katsumi 




Toyo no-gun Osaka 563-0104 (JP) 


(30) Priority: 09.03.1998 JP 5649298 


• KHAZAKI, Tomoyuki 


06.10.1998 JP 28436298 


Kobe-shi Hyogo 651-1221 (JP) 


(71) Applicant 


• YAMADA, JunjI 


Hikari-shi Yamaguchi 743-0021 (JP) 


Takeda Chemical Industries, Ltd. 




Osaka-shi, Osaka 541-0045 (JP) 


(74) Representative: 


(72) Inventors: 


von Kreisier, Alek, Dlpl.-Chem. et al 


Pate ntanwa tie, 


• ICHIMORI, Yuzo 


von Kreisler-Selting-Werner, 


Sakal-shi Osaka 592-8343 (JP) 


Bahnhofsvorplatz 1 (Deichmannhaus) 




50667 Koln (DE) 



(54) CYCLOALKENE DERIVATIVES, PROCESS FOR PRODUCING THE SAME, AND USE 

(57) Compounds represented by formula (1 a) or salts thereof, which are preventives/remedies for heart diseases, 
autoimmune diseases, inflammatory diseases, septic shock, etc., wherein R represents an optionally substituted 
aliphatic hydrocarbon group, optionally substituted aromatic hydrocarbon group, optionally substituted heterocyclic 
group, group represented by OR 1 (wherein R 1 represents hydrogen or an optionally substituted aliphatic hydrocarbon 
group), or group represented by formula (A) (wherein R 1b band R 1c are the same or different and each represents 
hydrogen or an optionally substituted aliphatic hydrocarbon group); R° represents hydrogen or an aliphatic hydrocarbon 
group, or R and R° in combination represent a bond; Ar represents an optionally substituted aromatic hydrocarbon 
group; and (B) or (C) where n is an integer of 1 to 4. 
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Description 

Technical Field 
[0001J 



cytokines such as TNF-a, J, , JSStSS JJlSS ^ °" Pr ° dUC,i0 " 0f 

the diseases inducing cardiac disease!. autoLle^eT^a^r^ "* a 9 ent a ^ 



Background 
[0002J 



[0002] Nitric oxide (NO) is known tn h^o i~ • 

factor in the vascuiar system iC^S^TS 7^4^^ T""* ^ * * — *» 
mmune system [Curr. Opin. Immunol.. Vo |. 3 p 6^70 (1 991^ and a no t m ° nCidal a " d bactericidal effect in the 
Vol.8, p.3-1 1 (1992)]. NO is produced orlnZJL* , ? } ' neurotransmitter in the nervous system Neuron 
as three inducibie iorms. KRS5 IIS^SS^T^ ^ 
707 (1992)]. and the former two arc reSTd to IjJSISIS SST? N ° S ( ' N ° S > [Ce "' Vo70 ' p *»" 

which is In contrast with the latter iNOS eonsttubve NOS (cNOS) in view of their mode of existence. 

Soy vaSus^r'sC^; pro^S 2^7^^ ^ * >P °" d * n — «*' 

physiologica. regulatory effects described abS oTj Z? h end f 9 » ratored »° to the 

trophile by various cytokine* and bacterial Hp^lvsacSL^! r, dcw S 18 mdUCed macr »P"ages and a neu- 
which makes it to be believed to have no7ol P b , ^ 9 ,8rge amount of N0 continuously, 

damaging effects atthesite of theprodSo ^rimmuno^r ^^L ef ' eC,S deSCfibed above but cell- and tissue: 
other than those described above n™ for ^^SdIp ^ ° U3 ' P - 157 ' 160 (1992 »' Ce,,s "> «press MOS 
^d^^ l ^aZS^^ er | Ce, ^• t Vascul — -th muscle 
creatic S cells, osteoclasts and the like [FASEBJ ^ ^? 8 ' Cel,S • '"""^es. synovial cells, pan- 

J. Biol. Chem.. Vol.44, p.27560-27588 (S) J wK^tSS^S ^ 8 " B * V ° U28 ' P 396 " 401 < 1993 >- 
cells and tissues is known to be involved in variouJdS (1995)] ' a " d N0 produced in these 

the NO production by an iNOS inducible oJT?iJ^^S£^ teon « n 8M a ^nce which inhibits 
against various diseases such as arteriosderosTs ^SS2L ba , effect,ve 88 a P^PMactic and therapeutic agent 
^e.muftiple sclerosis, septic sh^ 

ative colitis, diabetes, glomerular nephritis oSe 0DO m fi J ™ ' 0steoarthri,is - 9^ ">cer, duodenal ulcer, uicer- 

th« point of view, severa. ■'r^^cZ^J^^T^ ^ ^ ^ and paln ' ^ 

andh as a proaematfcal, undesi^e ^^^^^ »J^SSS 
[0004] On the other hand, cytokines such as TNF-a II i »„h ii c 

cyte. macrophage, lymphocyte, neutrophile fibrah H ? 6 are secre,ed ,rom ^dous cells such as mono- 
dialed biologicaiTefenTe i3KS2S^n?SK^ 2 " - ^ >^ 
(1994). Advances Immunol.. Vol.62. |X267.^^TLE^£!? ^ Handbook ' 2nd ed - Academic Press Limited 
cells targeted by these cytokines range wide* <w S^lEw « ^ * " ™ a "™*>'y cytokines. Since the 
hematopoietic system and endocrine l^'^JZZZ^ 2""* ■**"">. centra) nervous svstem 

aentative biological acuities of TNF-a end M w2cn I^^T^T^ ,0 66 Hep- 
chemotaxis promotion of inflammatory cells such ^ ZX^ J" ( 1 * Py '° 9Bn ' K & an ^^n and 

cytownesand acme phase proteins inc^dingltTlL^^ (3) m ,nducflon of inflammatory 

of various chemical mediators such as NO cv paf : d 1^1 T ? SF and (4)an e ""a"cement of the production 
whfch we, reported to be (1) an inducnl^ - well as thL of ,L-8 

t.at.on and an activation of lymphocytes and NK cells and f4[ a o^i!, ^" ,nCreaSin9 ac6v ^- < 3 > a diffe 'en- 
once produced excessively or produced in a wrono VFJi I ° S,eodast ; lncre ^ing activity. However, these cytokines, 
are proven to be involved in various aiases^uc h 9 1 Zt*™?" 9 ^ "*»* Undesirabte bio '^ effects, aS 
allergic diseases, chronic rheumatoid aXS Sis cS rl.^> Pr0t ° 20a - baC,eria - ^ *™es and cancers, 
diabetes, cental nervous, system diseaser;nS2c^iT^ 0n ' artertoscle ^. autoimmune disease . 

nephritis, osteoporosis, psoriasis, septXfa~? e Z 1 ?** ^ hepatitis ' "epatodrrhosis 
effects or antagonistic effects on th TproduSon ™ L ^nJ? ^ ^ SUbStanCeS Which have inhib »°'y 
9SS (1991, .mmuno, Vo,83. ^ ^Z^^^^i^f^ 
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Vol.147, p.1 530-1 536 (1991), Immunol. Today, Vol.12, p.404-410 (1991)) were reported to be expected to serve as the 
therapeutic agents against the diseases listed above. 

Disclosure of Invention 

5 

[0005] While several therapeutic agents for treating cardiac failure, autoimmune diseases, inflammatory diseases 
and septic shock have been known, any of them was not excellent in pharmaceutical properties such as efficacy and 
safety, and thus an objective of the invention is to provide a prophylactic and therapeutic agent against cardiac failure, 
autoimmune diseases, inflammatory diseases and septic shock which is further improved with regard to the pharma- 
70 ceutical properties mentioned above. 

[0006] In view of such circumstance, we made an effort to obtain a prophylactic and therapeutic agent against the 
diseases listed above which has an inhibitory effect on the NO production and/or the inflammatory cytokine production 
by an iNOS-inducible cell, and finally have succeeded to synthesize a novel compound represented by the formula: 




(laa) 



wherein R represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon group 
optionally having substituents, a heterocyclic group optionally having substituents, a group represented by the formula: 
25 OR 1 (wherein R 1 represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents) or a 
group represented by the formula: 



(wherein R 1b represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, R 1C is, 
same with or different from R 1b , a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, ring 
35 A is a cycloalkene substituted by 1 to 4 selected from (i) an aliphatic hydrocarbon group optionally having substituents, 
(ii) an aromatic hydrocarbon group optionally having substituents, (iii) a group represented by the formula: OR 1 
(wherein R 1 represents the same meaning as mentioned above) and (rv) a halogen atom, R° represents a hydrogen 
atom or an aliphatic hydrocarbon group, or R and R° represent a bond with each other, Ar represents an aromatic 
hydrocarbon group optionally having substituents, a group represented by the formula: 

40 

(CHp 

45 

represents a group represented by the formula: 




50 



55 
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(cH2 CDC 

or 



0 
II 

.C-R 



eo 



(CH P. II r 



(la) 



,5 SSS^hSSS^ ^ substituems. an aromatic hydrocarbon group 

OH ^(wherein R 1 represents a W^oT^^^^'"*' * W * *• ^ 

group represented by the formula: P * hydrocarbon group optionally having substituents) or a 

05 ^^ordS having substituents, Rio te . 

represents a hydrogen atom or an aliphatic hZZZn ^ h ^ rocarbo " 9™P optionally having substituents) R» 
resents an aromatic hydrocarbon ^^^^1^.^ ^ «** ^ "her^'rep- 



i group represented by the formula: 



40 




45 resents a group represented by the formula: 



so 



or 
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and n is an integer of 1 to 4, provided that when n is 1 or 2, and (i) R 1 is a hydrogen atom or an ethyl group, R° is a 
methyl group and Ar is a phenyl group, or (ii) R and R° represent a bond with each other and Ar is aphenyl group, a 2- 
methylphenyl group, a 4-bromophenyl group, a 4-methoxyphenyi group or a 2,6-dimethylphenyl group, a group repre- 
sented by the formula: 




is a group represented by the formula: 



75 




20 , or a salt thereof, which characterized by a cycloalkene structure having a carboxylate group or a carbonyl group and 
a sulfonamide group (preferred examples among them include a novel compound represented by the formula: 



25 




wherein R 2 represents a hydrogen atom or an aliphatic hydrocarbon group, R 1 , Ar represent the same meanings as 
defined above, a group represented by the formula: 




40 represents a group represented by the formula: 



45 



so 




, provided that when Ar is a phenyl group, R 1 is an ethyl group and R 2 is a methyl group, the group represented by the 
55 formula: 
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is a group represented by the formula: 



10 




15 



20 



etc.). 



[0007] Furthermore, the inventors have found that a compound represented by the formula: 




(lc) 



SO,N— Ar* 



oX^XS^^ 9™up op«ona.V having substituents. an aromatic hydrocarbon group 

°WereI^ 

30 group represented by fte formula: P ° h y drocart50n 9™P °P«°nally haying substituents) ora 



R U 



™^^^ n ^Z?X™^S£ ~*"»""«""<™ * M-gen atom 
carbon group, or R« and repreSm « ^TJl „ a f T 'A ^P^" 18 * W^n atom or an aliphatic hydro- 
ally having stents. a ^groTS^byte " ' ePreSen,S " ~* ^up Son- 




represents a group represented by the formula: 



50 



6 



5 



10 




75 n represents an integer of 1 to 4, or a salt thereof which contains (i) the novel compound represented by the formula 
(laa) or a salt thereof, and (ii) the novel compound represented by the formula (la) (preferred examples among them 
include a compound represented by the formula: 



20 




wherein R 23 represents a hydrogen atom or an aliphatic hydrocarbon group, R 1a and Ar 3 represent the same meanings 
as defined above, the group represented by the formula: 



30 




35 

represents a group represented by the formula: 

a 

or 

a 



so which includes the novel compound (Id) or a salt thereof, etc.) unexpectedly has an excellent NO and/or cytokine pro- 
duction-inhibiting effect and has excellent pharmaceutical properties essential for a prophylactic and therapeutic agent 
against cardiac failure, autoimmune diseases, inflammatory diseases and septic shock. 

[0008] It is understood that, in the diseases described above, the inflammatory cytokines such as TNF-a, IL-1 and 
I L-6 and NO are involved as being complicated with each other rather than as being independent of each other whereby 
55 further exacerbating the diseases, and thus a compound having excellent effects, such as an inihibitory effect not only 
on the NO production but also on the inflammatory cytokine production by an iNOS-inducible cell, can be a more effec- 
tive prophylactic and therapeutic agent than any conventional agent, resulting in a clinical usefulness. 
[0009] That is, the present invention relates to: 
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(1) A compound represented by the formula: 




(laa) 



at uo Lton^^ 80 k t hafc hydrocarbon 9 rou P oPtio"^ ^Ing substituents. an aromatic hydrocarbon 
f U £f tUen,S ' 8 h *««** ^oup optionally having substituents, a group repVesented bj 



stftuents) or a group represented by the formula- 



5^2! 9 M r ° 9en at ° m ° r an aliphatic Mrocarbon group optionally having substituents R 1c is 
?hLh ^ " ' 8 hy0r ° 9en 8t0m ° f a " a " pha,ic hydrocarbon group optionally having suSuents) 
R represents a hydrogen atom or an aliphatic hydrocarbon group, or R and R° represent a bond Wfth each ottrer 

stitaents (ii) an aromatic hydrocarbon group optionally having substituents. (Hi) a group represented by the fonnuia- 

aromatic hydrocarbon group optionally having substituents, a group represented by the formula: 




represents a group represented by the formula: 



(CH 2 ) 



or 




(CH 2 ) n A | 



and n is an integer of 1 to 4, or a salt thereof, 
(2) A compound represented by the formula: 
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0 
II 



5 




wherein Ft represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon 
group optionally having substituents, a heterocyclic group optionally having substituents, a group represented by 
the formula: OR 1 (wherein R 1 represents a hydrogen atom or an aliphatic hydrocarbon group optionally having sub- 
stituents) or a group represented by the formula: 



75 



wherein R 1b represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, R 1c is, 
same with or different from R 1b , a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, 
R° represent a hydrogen atom or an aliphatic hydrocarbon group, or R and R° represents a bond with each other, 
Ar represents an aromatic hydrocarbon group optionally having substituents, a group represented by the formula: 



25 




30 

represents a group represented by the formula: 



35 



40 




and n is an integer of 1 to 4, provided that when n is 1 or 2 and (i) R 1 is a hydrogen atom or an ethyl group, R° is a 
methyl group and Ar is a phenyl group or (ii) R and R° represent a bond with each other and Ar is a phenyl group, 
a 2-methylphenyl group, a 4-bromophenyl group, a 4-methoxyphenyl group or a 2,6-dimethylphenyl group, a group 
represented by the formula: 

so 




is a group represented by the formula: 
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cch '0C 



. or a salt thereof, 



SiMtX fo d r u ia efined i0 (2) * Whereln C ° mP0Und represemed * the formula < ,a > fe a «^ound repre- 



0 

" t 

,c-or' 



(lb) 



Ar 



wherein R 2 represents a hydrogen atom or an aliphatic hydrocarbon group, R 1 , Ar, n and the 
the formula: 



group represented by 



(CH,) 




4'n • 



represent the same meanings as defined in (2). provided that when n is 1 or 2. Ar is a phenyl group, Ri is a hydro- 
gen atom or an ethyl group and R 2 is a methyl group, the group represented by the formula. 




is a group represented by the formula: 



stnted^e U fo d mTuir ned ^ ***** ** C ° mP ° Und represented "/the formula (la) is a compound 



repre- 



o 
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wherein Ar and n represent the same meanings as defined in (2), 

(5) A compound as defined in (1), wherein the compound represented by the formula (laa) is a compound repre- 
sented by the formula: 




S0 2 /l — Ar 



(Ibb) 



wherein each symbols represents the same meaning as defined in (1), 

(6) A compound as defined in (5), wherein the ring A is a cycloalkene substituted by lower alky!, phenyl or halogen, 
R 1 is a lower alkyl group, Ar is a phenyl group optionally having substituents, and n is 2, 

(7) A compound as defined in (3), wherein R 1 is a lower alkyl group optionally having substituents, 

(8) A compound as defined in (3), wherein R 1 is an ethyl group, 

(9) A compound as defined In (3), wherein R 2 is a hydrogen atom or a lower alkyl group, 

(10) A compound as defined in (3), wherein R 2 is a hydrogen atom, 

(1 1 ) A compound as defined in (3), wherein Ar is a phenyl group optionally having substituents, 

(12) A compound as defined in (3), wherein Ar is a phenyl group substituted by halogen or/and lower alkyl, 

(13) A compound as defined in (3), wherein Ar is a group represented by the formula: 




(R^n 



wherein R 4 and R 5 are same or different and represents a halogen atom or a lower alkyl group, and n is an integer 
of Oto 2, 

(14) A compound as defined in (3), wherein the halogen atom is a fluoro atom or a chloro atom, 

(15) A compound as defined in (3), wherein the group represented by the formula: 




is a group represented by the formula: 




wherein n is the same meaning as defined in (2), 

(16) A compound as defined in (3), wherein n is 1 to 3, 

(17) A compound as defined in (3), wherein R 1 is a lower alkyl group optionally having substituents, R 2 is a hydro- 
gen atom or a lower alkyl group, Ar is a phenyl group optionally having substituents, n Is 1 , 2 or 3, 

(18) A compound as defined in (3), wherein R 1 is a lower alkyl group optionally having substituents, R 2 Is a hydro- 
gen atom, Ar is a phenyl group substituted by a halogen atom, n is 2, 

(19) A compound as defined in (4), wherein Ar is a phenyl group optionally having substituents, n is 2, 

(20) A compound as defined in (2), wherein the compound represented by the formula (la) Is a compound repre- 
sented by the formula: 
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10 



15 



25 




0/ 



R* (Id) 
-SO^— Ar 

wherein R\ R* and Ar represent the same meanings as defined in (3), a group represented by the formula: 




represents a group represented by the formula: 




or 



a 



35 



45 




40 is a group represented by the formula: 



55 



^ in ^ "•** fe ^ ^-( 2 ,4^uoropher V -)su^ 1 ^ I o h axene-1^rboxy- 
a8deflned ^ WWCh 18 "* ^-^'^"yO^oyO-l ^dohexene-1-carboxy.ate or 
Sl3s U i^ n6d <2) WhlCh b - * ^htoro^emy.pheny.^u^.i^hexene-l 
l ^77:T*Z™: ed in ^ ^ " ^ ^^^uomphenyr^u^-^^ene-, 
(25) A method for producing a compound as defined in (3) which comprises reacting a compound 



-car- 
•car- 



represented by 
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the formula: 

0 

» I 



flap. I (,,a) 



wherein R 1 and n represent the same meanings as defined in (3) and X 1 represents a leaving group, or a salt 
thereof with a compound represented by the formula: 

H< t (Nla) 
Ar 

wherein each symbols represents the same meaning as defined in (3), or a salt thereof, 

(26) A method for producing a compound as defined in (4) which comprises subjecting a compound represented 
by the formula* 

0 

II 

(CH 2 ) T (lib) 
"^^^SOjNH— Ar 



wherein each symbols represents the same meaning as defined in (4), or a salt thereof to a ring-closing reaction, 
(27) A method for producing a compound as defined in (20) which comprises reacting a compound represented by 
the formula: 




(lie) 



wherein R 1 represents the same meanings as defined in (20) and X 1 represents a leaving group, or a salt thereof 
with a compound represented by the formula; 

HlC (Ilia) 
Ar 



wherein each symbols represents the same meaning as defined in (20), or a salt thereof, 
(28) A pharmaceutical composition which contains a compound represented by the formula* 
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75 




(laa) 



-brents, an aromatfc rrydmcarbon 
the formula: ori wherein * r^llJS SToSS !t2 9 9 ™ P rep ~ d * 

strtuents or a group represented by the formula P ^ hydrocart)0n 9™P optionally havingsub- 



25 



R- represents a hydrogen atom or an 42121?^^°^^^) 
nng A is a cycloalkene substituted by 1 STSSSSSm^ L ^ repr6SentS 8 b0nd each «>the 
stituents, (fl) an aromatic hydrocarbon group ! J? hydrocarbon 8™«P optionaily having sub^ 
OR' (Wherein R 1 represents the sJ^Z^^^^^^^^^^f^ 



30 




35 



40 



45 



represents a group represented by the formula: 



or 



50 



and n is an integer of 1 to 4, or a salt thereof, 
(29) A pharmaceutical composition which contains 



a compound represented by the formula; 



55 



14 




wherein R a represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon 
group optionally having substituents, a heterocyclic group optionally having substituents, a group represented by 
the formula: OR 1a (wherein R 1a represents a hydrogen atom or an aliphatic hydrocarbon group optionally haying 
substituents) or a group represented by the formula: 

A* 
<»» 

(wherein R la represents the same meaning as defined above, R 1b is, same with or different from R 1a , a hydrogen 
atom or an aliphatic hydrocarbon group optionally having substituents, R 03 represents a hydrogen atom or an 
aliphatic hydrocarbon group, or R a and R 03 represent a bond with each other, Ar 3 represents an aromatic hydro- 
carbon group optionally having substituents, a group represented by the formula: 




represents a group represented by the formula: 




n represents an integer of 1 to 4, or a salt thereof, 

(30) A pharmaceutical composition which contains a compound represented by the formula: 



0 




wherein R 2a represents a hydrogen atom or an aliphatic hydrocarbon group, R 1a Ar 8 , n and the group represented 
by the formula: 
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10 



represent the same meanings as defined in (29). or a salt thereof 

(31 )• A pharmaceutical composition whfch contains a compound .presented oy the formula: 



aC0,R 



la 
2a 



20 



-«* R 1 ", R- and Ar 8 repent the same meaning as defined in (30) and the group represented * the for- 



25 




30 



is a group represented by the formula: 



40 



or 




45 



SXSlSr 1 " " ^ "» ~ * < 28 > to < 31 > -« * - agent for ,nh, bW ng nftr, 
XI^Z^^J^ ^ fe " ^tor Prewnting ortreaflng ^ ^ 

(36) Use of the compound represen ted b! ,hf « , *P r f sented b V formula (laa) or (le), 9 
treating cardiac disease, autoimmune disease or serrtielc tthlr* ^ ^ manufecturin 9 an agent for preventing or 

°r(le), eaar >eiTect amount of the compound represented by the formula (laa) 

(38) A prodrug of the compound as defined in (1) or (2) 

(39) A pharmaceutical composition which mmL JI ^ 

posnion which contains the pro-drug as defined in (38). and so on 
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[0010] In the specification, R represents an aliphatic hydrocarbon group optionally having substituents, an aromatic 
hydrocarbon group optionally having substituents, a heterocyclic group optionally having substituents, a group repre- 
sented by the formula: OR 1 (wherein R 1 represents a hydrogen atom or an aliphatic hydrocarbon group optionally hav- 
ing substituents) or a group represented by the formula: 



n: 



wherein R 1b represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, R 1c is, same 
with or different from R 1b , a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, or R forms 
a bond with R°, and among them the group represented by the formula: OR 1 (wherein R 1 represents the same meaning 
as defined above) is preferred. 

[001 1] And, R a represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon 
group optionally having substituents, a heterocyclic group optionally having substituents, a group represented by the 
formula: OR 1a (wherein R 1a represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substitu- 
ents) or a group represented by the formula: 



(wherein R 1a represents the same meaning as defined above, R 1b is, same with or different from R 1a , a hydrogen atom 
or an aliphatic hydrocarbon group optionally having substituents) or form a bond with R 03 , and among them the group 
represented by the formula: OR 1a (wherein R 1a represents the same meaning as defined above) is preferred. 
[0012] When R and R° represent a bond with each other, the compound represented by the formula (laa) can be 
represented by the formula: 



(lhh) 




(CH 2 )„ A i| / N— Ar 
'SO, 



wherein each symbols represents the same meanings, and specifically can be represented by the formula: 

0 



(wp. a 




N — Ar 



(Ice) 



wherein each symbols represents the same meanings, or the formula: 



COO 




N— Ar 



(IN) 



wherein each symbols represents the same meanings. 
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o 

ii 

(CH P» If Wf 



(Ih) 



wherein each symbols represents the 



is 



20 



same meanings, and specifically can be represented by the formula: 
0 




N — Ar 



(lc) 



herein each symbol represenls tne ^ M ^ ^ ^ 



0 

ii 



30 



wherein each symbols represents the same meanings 
reprJen,edT^r^ reSenU 



can be 



40 



50 



wherein each symbote represents „. ^ „ ^ ^ 
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70 wherein each symbols represents the same meanings. 

[0015] When R is a group represented by the formula: OR 1 (wherein R 1 represents the same meaning as defined 
above), the compound represented by the formula (laa) can be represented by the formula: 

0 

75 l> I 

.c-or' 



(CHP„A]T R * (Ibb) 



20 

wherein each symbols represents the same meanings, and specifically can be represented by the formula: 

0 

(CH 2 )„A } R * (Inn) 

30 

wherein each symbols represents the same meanings, or the formula: 

0 

35 M « 

(CH 2 )„A |T R * (loo) 
^No 2 H— Ar 

40 ' 

wherein each symbols represents the same meanings. 

[0016] When R is a group represented by the formula: OR 1 (wherein R 1 represents the same meaning as defined 
above), the compound represented by the formula (la) can be represented by the formula: 

45 



50 




(lb) 

S0 2 A — Ar 



wherein each symbols represents the same meanings, and specifically can be represented by the formula: 

55 
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0 

c— or' 



?M R* 



10 wherein each symbols represents the same meanings, or the formula- 

0 

(c ^X 



'(In) 



(lo) 



» wherein each symbols represents the same meanings 



25 



0 



-S0> — Ar" 



(If) 



35 



(CH.- 



AO 



*v>. I ... 



(Ip) 



45 



SO 



^X/C-or' 



(lq) 



22" r* 0 * 8 rBpresemstne same meanings. 

Li c^sr^rn^^ute'r ttt ~ d * - <**> ° r - 

« (Ic) orthe formula (In) are preferredTnfi ^as the c?™™ ? TOU ' a ( ' 8) ' the COmpound presented by me formula 
by the formula (Ik) or the formula (Ip) are prefermd resented by the formula (le). the compound represented 
10019] ah** the compound presented by'the formuia (Id) can be represented by the formufc: 
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COjjR 



cc - 



(ID 



wherein each symbols represents the same meanings, or the formula: 



10 



15 



O.C0,R' 
^50 i. 



SOJI — Ar 



(Is) 



wherein each symbols represents the same meaning, and the compound represented by the formula (Ig) can be rep- 
20 resented by the formula: 



aCO,R 
R* 
SO ? A-Ar 4 



25 



(It) 



30 wherein eech symbols represents the 



35 




^SO ? N— Ar* 



(lu) 



45 



wherein each symbols represents the same meanings. 

[0020] As the compound represented by the formula (Id), the compound represented by the formula (Ir) is pre- 
ferred, as the compound represented by the formula (Ig), the compound represented by the formula (It) is preferred. 
[0021] In the compound represented by the formula (la), when n is 1 or 2, and (i) R 1 is a hydrogen atom or an ethyl 
group, R° Is a methyl group and Ar is a phenyl group, or (ii) R and R° represent a bond with each other and Ar is a phe- 
nyl group, a 2-methylphenyl group, a 4-bromophenyl group, a 4-methoxyphenyl group or a 2,6-dimethylphenyl group, a 
group represented by the formula: 



so 



(CH,)„ 




is a group represented by the formula: 



55 
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to Sts, RO b iSiSlS R V hydr ° 9en ^ ° f 8 l<Wer ^ I*""* having sub- 

ems. or i) r «dSS52; ITS eSe^tT T 1 * * »** ^ ha * n 9 subs ^ 

represented by the formula- a phenyl 9 rou P °P tional * h ^"9 sutetituente, a group 



15 




20 may be a group represented by the formula: 



25 




is a group represented by the formula: 



45 



50 



group represented by me formSS" ^ 9 SUbsmuente > snd Ar is a phenyl group optionally having substftuents, a 



55 




is a group represented by the formula: 



22 




[0025] As the "aliphatic hydrocarbon group' of the 'aliphatic hydrocarbon group optionally having substituents" rep- 
resented by R, R 1 , R 1a , R 1b . R 1c . and aliphatic hydrocarbon group represented by R°, R 03 , R 2 . R 2a for example, an alkyl 
group, a cydoalkyl group, a cycloalkyialkyl group, an alkenyl group, an alkynyl group, etc. are preferred. 
[0026] As the alkyl group, for example, a linear or branched alkyl group having 1 to 20 carbons (e.g., a methyl group, 
an ethyl group, a n-propyl group, an isopropyl group, a n -butyl group, an isobutyi group, a sec-butyl group, a tert-butyl 
group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a dodecyl group, etc.), 
etc. are preferred, and particularly, for example, a lower alkyl group having 1 to 6 carbons (e.g., a methyl group, an ethyl 
group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyi group, a sec-butyl group, a tert-butyl group, 
etc.), etc. are preferred. 

[0027] As the cydoalkyl group, for example, a cydoalkyl group having 3 to 1 0 carbons (e.g., a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cydohexyl group, a cycioheptyl group, a cyclooctyl group, etc.), etc. are pre- 
ferred, and particularly, for example, a cydoalkyl group having 3 to 6 carbons (e.g., a cyclopropyl group, a cydobutyl 
group, a cyclopentyl group, a cydohexyl group, etc.), etc. are preferred. 

[0028] As the cycloalkyialkyl group, for example, a cydoalkylalkyl group having 4 to 12 carbons (e.g., a cydopro- 
pytmethyl group, a cydopentylmethyl group, a cyciohexylmethyl group, a cydoheptylmethyl group, etc.), etc. are pre- 
ferred, and particularly, for example, a cycloalkyialkyl group having 4 to 8 (particularly, 4 to 7) carbons (e.g., a 
cyclopropylmethyl group, a cydopentylmethyl group, a cyciohexylmethyl group, etc.), etc. are preferred. 
[0029] As the alkenyl group.for example, a lower alkenyl group having 3 to 6 carbons (e.g., a propenyl group, a bute- 
nyl group, a pentenyl group, etc.), and particularly, for example, a lower alkenyl group having 3 or 4 carbons (e.g., a pro- 
penyl group, a buteny) group, etc.), etc. are preferred. 

[0030] As the alkynyl group,for example, a lower alkynyl group having 3 to 6 carbons (e.g., a propynyl group, a buty- 
nyl group, a pentynyl group, etc.), and particularly, for example, a lower alkenyl group having 3 or 4 carbons (e.g., a pro- 
pynyl group, a butynyl group, etc.), etc. are preferred. 

[0031 ] As the 'substituents of the above mentioned 'aliphatic hydrocarbon group optionally having substituents', for 
example, a heterocyclic group, an oxo group, a hydroxy group, a 0^ B alkoxy group, a C3_ 10 (particularly, cycloalky- 
loxy group, a C^o aryloxy group, a C 7 . 19 (particularly, Oj^ 2 ) aralkyloxy group, a herocycfic oxy group, a alkylthio 
group (the sulfur atom may be oxidized), a C3_ 10 (particularly, C3_ 6 ) cycloalkylthio group (the sulfur atom may be oxi- 
dized), a C^o arylthio group (the sulfur atom may be oxidized), a C^g (particularly, Oj^ 2 ) aralkyloxy group (the sulfur 
atom may be oxidized), a herocydic thio group, a herocydic surfinyl group, a herocydic sulfonyl group, a nitro group, a 
halogen atom, a cyano group, a carboxyl group, a C 1 . 10 (particularly, C^) alkoxy-carbonyl group, a cycloalkyloxy- 
carbonyl group, a Ce. 10 aryloxy-carbonyl group, a Cy.jg (particularly, Cy^ 2 ) aralkyloxy-carbonyl group, a herocydic oxy- 
carbonyl group, a C$. 10 aryl-carbonyl group, alkanoyl group, C^s alkenoyl group, a C^ 0 aryl-carbonyloxy group, 
a alkanoyloxy group, a C3.5 alkenoyloxy group, a carbamoyl group optionally having substituents, a thiocarbamoyl 
group optionally having substituents, a carbamoyloxy group optionally having substituents, a arkanoylamino group, 
a C &10 aryl-carborrylamino group, a C^o (particularly, alkoxy-carboxamide group, a Ce. 10 aryloxy-carboxamlde 
group, a Oj.^ (particularly, Of A2 ) aralkyloxy-carboxamide group, a C v10 (particularly, C^) alkoxy-carbonyloxy group, 
a C6_ 10 aryloxy-carbonyioxy group, group, a C^g (particularly, Cf A2 ) aralkyloxy-carbonyloxy group, a C3_ 10 (particu- 
larly, C^cycloalkyloxy-carbonyloxy group, an ureido group optionally having substituents, a C^q aryl group optionally 
having substituents, etc. are used. 

[0032] These substituents are substituted at substitutabie positions in the above mentioned "aliphatic hydrocarbon 
group", and the substituents are not limited to one and may be same or different and a few numbers (2 to 4). 
[0033] As the "C^ alkoxy group", for example, a methoxy group, an ethoxy group, a n-propoxy group, an isopro- 
poxy group, a n-butoxy group, a tert-butoxy group, a n-pentyloxy group, a n-hexyloxy group, etc. are used, as the "C^ 
10 cycloalkyloxy group", for example, a cyclopropyloxy group, a cyclohexyloxy group, etc. are used, as the "C^q aryloxy 
group", for example, a phenoxy group, a naphtyloxy group, etc. are used, as the "C^g aralkyloxy group", for example, 
a benzyloxy group, a 1-phenylethyloxy group, a 2-phenylethyloxy group, a benzhydryloxy group, a 1-naphthylmethyloxy 
group, etc. are used, as the "C^ alkylthio group (the sulfur atom may be oxidized)", for example, a methylthio group, 
an ethylthio group, a n-propyrthio group, a n-butylthio group, a methylsulfinyl group, a methylsulfonyl group, etc. are 
used, as the "C^q cydoalkytthio group (the sulfur atom may be oxidized)", for example, a cyclopropylthio group, a 
cyclohexylthio group, a cyclopentylsulflnyl group, a cyclohexy Isulfonyl group, etc. are used, as the "C^q arylthio group 
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75 



20 



25 



45 



50 



55 



zylthio group. Arnm^^lSSXSS T, ,0r examp,e ' 8 ben " 

used, as the -halogen atom'. limX^SS^^JSS^^ * ben ^°"* B™* * ■» 
used, as the 10 alkoxy-carbonvl nml (IT ■ * m ' 8 brornlne atom - iodine atom. ets. are 

poxycarbonyl group. anhSSSSli Z ^ ! methox y carbo ^ 9™P. ethoxycarbonyl group a n-pro- 
ycarbonyl ££. e £ ^ed^S ^Z^ "^j* 08 * 0 "* 9™* a feobutoxycarbonyl group, a tert-bic- 
a cyCopentyloxycarbonyl gmu ^12^ *" ^P' 6 ' 3 ^'^^carbony. group. 
■C^ 10 ary.oxy-cTmony. JS for 2aZ^ 2T„Si T 3 "^^'^^"y' TO. etc. are used, as the 
the -c™ i^iioj £?Rm ^22 8 napht ^* 0 'y | 9~"P. are used, as 
phenethy.oxycarbonyl group ete. are usid iTe V 22^ T * ben *Wcxycarbonyl group, a 2- 
group, a phenylacetyl group etc are used' ast£ ? W £l!f^ ' forexam P |e - a ben2 °y' 9™up. a naphtoyl 
a propiony. group, a butyr* gmu aj P™^ ^"P' ** ^P' 8 ' 3 ^ 9K>Up ' an ^ group, 

example, an acrynoyl g^ ac^p, 7 T ^ ^ ,0r 

Lo^gro^^S^S 

nyt; C,. 7 acyl (e.g.. acatyi propIoS beSS ete f c T**?"™ °" (&9 - ^ et W ete >. P"e- 

for example a «rbamoyi ^ ?? SSSStSd amuT S 6 ?•■r th0Xy P heny, " 6tC ) ' ete 8nd 
group, a N.N-dietry.carbZyl Joup . «'m " ^T"' ^ 8 N - N -*™%lcarbamoy. 
group, a N^Hnettawta^ N-acetylcarbamoyl group, a N-benzoytoarbamoyl 

nylcarboyl group, a mlUS^^ S^T^ ' * 1 -piperazi- 

o example a carbamoyloxj group a ^ (e ' 9 - •"•»* ete >. P"** eta and specifically for 
bamoytoxy group. .^SSS-^^ ° ^-ethyfcarbamoyloxy group, a N-ethyL- 

amide group, ete. are usefS TttT'c NH ->TO.an ethoxycarboxamide group, a tert-butoxycarbox- 

(CeHsOCONH-) group, etc arouse TLtS'L ** ^P' 6 ' 8 P ha "°^«rnide 
mide (C 6 H 5 CH 2 OCONH-) group, TbeSidrvS^Sm^ 0 ^^ B ' 0UP "' a b "»* ^rboxa- 

group-, for example, a fn^^^^TS!^ " 88 the " Cl " a,to ^°»y>°*y 
propoxycarbonyloxy group, ^^^0^^^ w 9 ? P ' 3 ^TO«*onyl«V group, an iso- 

group. a n^cDcy^^^ 9 rou P- a "-Pentyloxycarbonyloxy 

nyloxy group", for example a SS^^S^TiTSl^ " ** *" ™*Woxyca*>o- 
carbonyloxy group, a benzhydryloxySrS^ 

group", for exampte, a cydo^opyKSZ Zo ^ ' ""l 8 * 1,16 "^ 10 ^'^'Moxy-carbonyloxy 

[0038] As the -uraido-arouoT^nv h» • ^ ^"exyloxycarbonyloxy group, etc. are used. 
\ to aLstituante *^ZV C :X%?^:Z£ T r reW0 ^ SUbstihrtea ^ 

used, andforexarnpteanureidogmup^^ ^ » Phenyl group, ete. a£ 

1 .3-dimethylureido group, a a-phenylureWo SJS^S* 3 ^ eth y ,ureido 9 rou P. a S^methyiureido group, a 

group opfion^avrng s^bstte^ ^ ^ ^ " 88 *° °> «»• -anphatic rydVocLon 

^eTforSpTrstS^^ 

preferabV 1 to 4 hatem ^ so^Tn^geT^^ ^ ^ COnta "" n9 ^ a 

condedsed cyclic gmup thereof. As these SZa^ST^ ? 80 0Xy9e " at0m ' a sulfur atom - etc.. or a 
zohy. group, a 1 .2.3-triazolv. orouo a ,T^Z^^ 8 W"*! 9 rou P- a group, an bnida- 
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oxadlazolyl group, athiazolyt group, an isothiazolyl group, a 1 ,2,3-thiadiazolyl group, a 1 , 2,4-th iadiazoryl group, a 1,2,5- 
thiadiazofyl group, a 1 ,3,4-thiadiazolyl group, a pyridyl group, a pyridazinyl group, a pyrimizinyl group, a pyrazinyl group, 
an indolyl group, a pyranyl group, a thiopyranyl group, a dioxynyl group, a dioxolyl group, a quinolyl group, a pyrido[2,3- 
d]pyrimidinyl group, 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 2,7-naphthyridyl group, a thieno[2,3-d]pyridyl group, a benzpyranyl 

5 group, a tetrahydrofuryl group, a tetrahydropyranyl group, a dioxoranyl group, a dioxanyl group, etc. are used. 

[0040] These heterocyclic groups may be substituted at possible positions by 1 to 3 substituents selected by from 
C-i-4 a| ky' ( e -9-i rnethyl, ethyl, etc.), hydroxy, oxo, alkoxy (e.g., methoxy, ethoxy, etc.), etc.. 
[0041] As the "C^q aryl group" the m O^ 0 aryl group optionally having substituents", for example, a phenyl group, 
a naphthyl group, etc. are used. The C^q aryl group may be substituted at a substitutable position by a substituent 

io selected from the those listed as a "substituent" (except for an optionally substituted C^q aryl group) of the "aJiphatic 
hydrocarbon optionally having substituents" described above. Such a substituent is substituted at a substitutable posi- 
tion in a C^o aryl group, and the number of such substituents is not limited to one, and, the same or different more 
than one (2 to 4) substituents may exist 

[0042] In the "aliphatic hydrocarbon group optionally having substituents", the substituent together with the aliphatic 
is hydrocarbon group may form an optionally substituted fused ring group, and as these condensed ring groups, an inda- 
nyl group, a 1 ,2,3,4-tetrahydronaphthyt group, etc. are used. This condensed ring group may be substituted at a substi- 
tutable position by a substituent selected from the those listed as a "substituent" of the "aliphatic hydrocarbon optionally 
having substituents" described above. Such a substituent is substituted at a substitutable position in a fused ring group, 
and the number of such substituents is not limited to one, and, the same or different, more than one (2 to 4) substituents 
20 may exist 

[0043] As R, R 1 , R 1a , R 1b , R 1c , for example, a lower alkyl group having 1 to 6 carbon atoms (e.g., a methyl group, 
an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a t-butoxycarbonylmethyl group, 
a hydroxyethyl group and the like) optionally having substituents, and of them a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, an Isobutyl group, etc. are preferably used. Particularly, a methyl group, an 

25 ethyl group, a n-propyl group and the like, etc. are prefered, and an ethyl group is preferred particularly. 

[0044] As R 2 , R 2 * for example, a hydrogen atom, a lower alkyl group having 1 to 6 carbon atoms (e.g., a methyl 
group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a t-butoxycarbonylmethyl 
group, a hydroxyethyl group and the like), etc. are preferably used, and a hydrogen atom, a methyl group, eta are pref- 
erably used and particularly a hydrogen atom, etc. are preferably used. 

30 [0045] As the "aromatic hydrocarbon group" of the "aromatic hydrocarbon group optionally having substituents" 
represented by Ar, Ar*, for example, an aromatic hydrocarbon group having 6 to 1 4 carbon atoms (e.g., a phenyl group, 
a naphthyl group, a biphenyl group, an anthryl group, an indenyl group and the like) and the like, and particularly an aryl 
group having 6 to 10 carbon atoms and the like (e.g., phenyl and naphthyl groups) are preferred and a phenyl group 
and the like are particularly preferred. 

35 [0046] As the "substituent" of the "aromatic hydrocarbon group optionally having substituents" represented by Ar, 
Ar 9 , for example, a halogen atom (e.g., fluorine, chlorine, bromine, iodine and the like), a lower (C^) alkyl group (e.g., 
a methyl group, an ethyl group, a propyl group, a butyl group and the like), a lower (C^) alkoxy group (e.g., a methoxy 
group, an ethoxy group, a propoxy group, a butoxy group and the like), a lower (C^) alkoxycarbonyl group (e.g., a 
methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, a butoxycarbonyt group and the like), a 

40 carboxyl group, a nitro group, a cyano group, a hydroxy! group, an acylamino group (e.g., an alkanoylamino group hav- 
ing 1 to 4 carbon atoms such as an acetylamino group, a propyonylamino group, a butyrylamino group and the like), a 
cycloalkyl group having 3 to 6 carbon atoms (e.g., a cyclopropyl group, a cyclopentyl group and the like), an aryl group 
having 6 to 10 carbon atoms (e.g., a phenyl group, a naphthyl group, an indenyl group and the like), a halogeno-lower 
(C 1-4 ) alkyl group (e.g., a trifluoromethyl group, a trifluoroethyl group and the like), a halogeno-lower (C^) alkoxy group 

45 (e.g., a trifluoromethoxy group, a 1 ,1 ,2,2-tetrafluoroethoxy group, a 2,2,3,3,3-pentafluoropropoxy group and the like), a 
lower (C 1ut ) alkylthio group (e.g., a methylthio group, an ethylthio group, a propionytthio group and the like), a lower (C t . 
4 ) alkylsulfonyl group (e.g., a methanesulfonyl group, an ethanesulfonyl group, a propanesuffonyl group and the like), a 
lower (C^) alkanoyl group (e.g., a formyl group, an acetyl group, a propionyl group and the like), a 5-membered aro- 
matic heterocyclic group (e.g., a 1 ,2,3-triazolyl group, a 1 ,2,4-triazoryl group, atetrazolyl group, a thiazotyl group, an iso- 

so thiazolyl group, an oxazolyl group, an isooxyazofyl group, a thiadiazolyl group, a thienyl group, a furyl group and the 
like), a carbamoyl group, a lower (C 1-4 ) alkyl-carbamoyl group (e.g., a methylcarbamoyl group, a dimethylcarbamoyl 
group, a propionylcarbamoyl group and the like), a lower (C^) alkoxy-carbonyl-lower (C^) alkyl-carbamoyl group 
(e.g., a butoxycarbonylmethylcarbamoyl group, an ethoxycarbonylmethylcarbamoyl group and the like), a 1,3-diacyi- 
guanidino-lower (C^) alkyl group and tile like (e.g., 1 ,3-diacetylguanidinomethyl, 1,3-bis-t-butoxycarbonylguanidi- 

55 nomethyl and the like) are used, and a halogen atom (e.g., fluorine, chlorine, bromine, iodine atoms and the like), a 
lower (C 1-4 ) alkyl group and the like (e.g., a methyl group, an ethyl group, a propyl group, a butyl group and the like) are 
preferably used, and a fluorine atom, a chlorine atom and a methyl group are more preferably used. 
[0047] These substituents are substituted at substitutable positions in the aromatic hydrocarbon group, and the 



25 



EP 1 063 228 A1 



10 



15 



isnsv 

[0050J As Ar or Ar*, a group represented by formula: 

group a ^rSZT^eX^?^^ 'J**"*?*"*** 3 ^^toro^-fluoroph/ny, 
eny. group and the like aTe used TO 2 ' 3 ' 4 - tnfluoro P hen y | 9 rou P- * 2.4,5-trif.uorcphenyl group, a 2.4.6-trifluoroph- 

S«y utd^^^ ^ 3 ^P^-V' W and the Kke are 

preferably used. ( ,-4> ■"""H*"* 1 9 rou P> for sample, a 4-methoxyphenyl group and the like are 



25 



30 



• the DkearlprefenSy used 7"'™°™™ mo W«ny> S^oup, a 4-( 2 ,2 ( 3,3,3^entafluoropropoxy)phenyl group and 

e?« srsy sasaEissjsr^ — ma ,te »• — * 

the like are prefers^ use d * P * ^^^-^^^"y'S^nidinornethyOphenyl group and 

m « r^lC^lT 2 T r ^ for — a 2-fl^-methylphenyl 

so Pheny group substtrdt hal^ *"* ^ are preferab * used - 
gW^fceliteTr^^^^^ 

4-cyanopheny. group SZJTS ! T*? * ha,09en *" ^ for eXam P ,e ' a 2 ^ 

berTd aS^ro^rfor ^ratloS S^ 1 *?? T P * ha,098n ano *™»- 

used, andasthephenTgroup subSdbvt^;^ group and the likeare 
55 example, a 2^.^^^ 

bamoyO pheny. group and tte^'T^T^* "* "** ' ^'^^oxycarbonyknethytear- 

SornstrSS^^ 

ogen atoms (e.g., a 2,3^uoropheny l group, a 2,3-dich.orophenyl group, a 2,4-difluoropheny. g^up. a 2.^loroph- 



26 




EP 1 063 228 A1 




enyl group, a 2,5-difluorophenyl group, a 2,5-dichlorophenyl group, a 2,6-difluorophenyl group, a 2,6-dtchlorophenyl 
group, a 3,4-dlfluorophenyl group, a 3,4-dichIorophenyl group, a 3,5-difluorophenyl group, a 3,5-dichlorophenyl group, 
a 4-bromo-2-fluorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-f!uorophenyl group, a 3-chloroph- 
enyl group, a 4-fluorophenyl group, a 4-chlorophenyl group, a 2-fluoro-4-chlorophenyl group, a 2-chloro-4-fluoropheny! 

5 group, a 2,3,4-trifluorophenyl group, a 2,4,5-trifluorophenyl group and the like), a phenyl group substituted by halogen 
and lower (C 1wj ) alkyl (e.g., a 2-chloro-4-methylphenyl group, a 4-fluoro-2-methylpheny1 group and the like), etc. are 
preferred. Of them, a phenyl group substituted with 1 to 3 (particularly 1 to 2) halogen atoms (e.g., a 2,3-dichlorophenyl 
group, a 2,4-difluorophenyl group, a 2,4-dichlorophenyl group, a 2,6-diciorophenyl group, a 2-fluorophenyl group, a 2- 
chlorophenyl group, a 3-chlorophenyl group, a 2-chloro-4-fluorophenyl group, a 2,4,5-trifluorophenyl group and the like), 

70 a phenyl group substituted by halogen and lower (C^) alkyl (e.g., a 2-chloro-4-methylpheny1 group, a 4-fluoro-2-meth- 
ytphenyl group and the like), eta are preferred. Particularly, a 2,4-difluorophenyl group, a 2-chlorophenyt group, a 2- 
chloro-4-fluorophenyl group, a 2-chloro-4-methylphenyl group and the like are preferred, and a 2,4-difluorophenyl 
group, a 2-chloro-4-fiuorophenyl group and the like are preferred. 

[0058] In this specification, the ring A represents (i) an aliphatic hydrocarbon group optionally having substituents, 
75 (ii) an aromatic hydrocarbon group optionally having substituents, (iii) a group represented by formula OR 1 (wherein R 1 
is as defined above) and (iv) a cycloalkene substituted by 1 to 4 halogen atoms, and (i) an aliphatic hydrocarbon group 
optionally having substituents, (ii) an aromatic hydrocarbon group optionally having substituents and (iv) a cycloalkene 
substituted by 1 to 4 halogen atoms are preferred. 

[0059] These substituents are substituted on substitutable carbon atoms in a ring A. and when the ring A is substi- 
20 tuted by two or more of such substituents, the substituents may be the same or different A single carbon atom may be 
substituted by two substituents and different carbon atoms may be substituted by two or more substituents. 
[0080] As the "aliphatic hydrocarbon group optionally having substituents" as a substituent on the ring A, for exam- 
ple, the same those as the "aliphatic hydrocarbon group optionally having substituents" represented by R, R 1 , R 1a , R 1b , 
R 1c described above may be used. 
25 [0061] As the "aromatic hydrocarbon group optionally having substituents* as a substituent on the ring A, for exam- 
ple, the same those as the "aromatic hydrocarbon group optionally having substituents" represented by Ar or Ar* 
described above may be used. 

[0062] As the"heterocyclic group optionally having substituents" as a substituent on the ring, for example, the same 
thise as the "heterocyclic group" which is a "substituenr on the "aliphatic hydrocarbon group optionally having substit- 
30 uents" represented by R, R 1 , R 1a , R 1b , R 1c . 

[0063] As the substituents for the ring A, 1 or 2 alkyl group (e.g., a alkyl group such as a methyl group, a 
tert-butyl group, etc.), a phenyl group, a halogen atom (e.g., fiorine, chlorine, bromine, iodine, etc.), etc. are preferably 
used. 

[0064] The group represented by the formula: 



35 




40 



wherein n represents the same meaning as defined above, represents a group represented by the formula: 



45 




or 



50 




55 



wherein n represents the same meaning as defined above, and preferably a group represented by the formula: 
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TO 



[0065] The group represented by the formula 



15 



wherein n represents the same meaning as defined above, represents a group represented by the formula: 

<c €C 

or 



25 



35 wherein n represents the same meaning as defined above, and preferably a group represented by the formula: 



45 



[0066] And, the group represented by the formula- 




represents a group represented by the formula: 



55 
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a 



or 



a 



» 



and preferably a group represented by the formula: 




[0067] As the integer of 1 to 4 represented by n, 1 to 3 is preferred and 2 is more preferred. 
[0068] As the compound represented by the formula (laa), the compound represented by the formula (Ibb) is pre- 
ferred, and as the compound represented by the formula (la), the compound represented by the formula (lb) is pre- 
ferred. 

[0069] As the compound represented by the formula (Ibb), the compound represented by the formula (inn) is pre- 
ferred, and as the compound represented by the formula (lb), the compound represented by the formula (In) is pre- 
ferred. 

[0070] As the compound (Ibb), (lb), a compound wherein R 1 is a lower alkyl group optionally having substituents, 
R 2 is a hydrogen atom or a lower alkyl group, Ar is a phenyl group optionally having substituents, n is 1 , 2 or 3 is pre- 
ferred, and a compound wherein R 1 is a lower alkyl group optionally having substituents, R 2 is a hydrogen atom, Ar is 
a phenyl group substituted by a halogen atom, n is 2 is more preferred, 

[0071] As the compound represented by the formula (Ice), (Ic), a compound wherein Ar is a phenyl group optionally 
having substituents, n is 2 is preferred. 

[0072] As the leaving group represented by X 1 , for example, a halogen atom (e.g., chlorine, bromine, iodine, etc.), 
etc. are preferred and a chlorine atom is more preferred. 

[0073] When the compounds represented by formulae (laa), (Ibb), (Ice), (la), (lb), (Ic), (Id), (le), (If) and (Ig) have 
stereoisomers, any of such stereoisomers and mixtures thereof are included in the invention. 
[0074] When a compound represented by formula (laa) is a compound represented by formula (Ice) or (Inn), when 
a compound represented by formula (la) is a compound represented by formula (Ic) or (In), when a compound repre- 
sented by formula (le) is a compound represented by formula (Ik) or (Ip), when a compound represented by formula (Id) 
is a compound represented by formula (Ir), and when a compound represented by formula (Ig) is a compound repre- 
sented by formula (It), then each compound can exist as an optical isomer with regard to the asymmetric carbon atom 
in a cycloalkene or cydohexene ring, and any of such optical isomers and mixtures thereof are included in the invention. 
[0075] A compound represented by formula (la) may preferably be d-ethyl 6-[N-(2,4-difluorophenyl)su!famoyl]-1- 
cyclohexene-1-carboxylate, ethyl 6-[N-(2-chlorophenyl)suIfamoylJ-1 -cydohexene- 1 -carboxylate, ethyl 6-[N-(2-chloro-4- 
methylphenyl)sulfamoyO-1-cydohexene-lK»rboxylate or d-ethyl 6-[N-(2-chloro-4-fluorophenyl)sulfamoyl}-1-cyclohex- 
ene-1 -carboxylate as well as a salt thereof. 

[0076] In the above mentioned formulae, methods for producing a compound represented by the formula: 
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CCHpn X 

CH. 



(Iv-i) 



w wherein n is 1 or 2, and a compound represented by the formula: 



"(Iv-i i) 



CH, 



a, wherein h is 1 or 2, are reported in Journal of American Chemical Society, Vol.1 01 , pp6981 - 99 (1 979). 
[0077] And, a method for producing a compound represented by the formula: 



(lw) 



30 



wherein , A r" is a phenyl group, a 2-methylphenyl group, a 4-bromophenyl group, a -Mnetoxyphenyl group or a 2 6- 
cfimethylphenyl group, is reported in Tetrahedron, Vol.52. pp783-790 (1996). 

!H tJUfa^Tl producin9 an inventive «>mpou"<l (la), (lb) or (Ic) or a salt thereof is discussed below. 
TJJL ,^i e W,n9 descriDti o n of a Production method may be applicable not only to an inventive compound 
(la), (lb) or (Ic) but also to a salt thereof, the following description may sometimes employ a simple expression, i.e. Com- 
™T„, ( a) '^l° r ( C) * ,nVentive corn P olJnd ( ,aa ). ('*) or (Ice) or a satt thereof can also be produced similarly. 
10080] While a method for producing Compound (la) wherein R is represented by formula OR 1 wherein R 1 is as 
defined above b described below, a compound wherein R is an optionally substituted aliphatic hydrocarbon group, an 
optionally substituted aromatic hydrocarbon group, an optionally substituted heterocyclic group, a group represented by 



Ic 



so 



ss 



wherein each symbol is as defined above may also be produced similarly. 

[0081] Compound (la) of the invention wherein R is represented by the formula OR 1 wherein R' is as defined above 
and R is a hydrogen atom or an afiphatic hydrocarbon group, i.e.. Compound (lb), typically Compounds (In) and (lo) 
can, for example, be produced by reacting a compound represented by the formula: 



0 

<> i 



(Ha) 
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wherein each symbol is as defined above or a salt thereof with a compound represented by the formula: 



hn: 



(Ilia) 



wherein each symbol is as defined above or a salt thereof, or by subjecting a product obtained by a reaction of Com- 
pound (tla) or a salt thereof with Compound (Ilia) or a salt thereof to a hydrolysis known per se. 
io [0082] During the process of the reaction of Compound (lla) with Compound (Ilia), a group of Compound (Ha) rep- 
resented by the formula: 



20 



wherein n is as defined above may be isomerized into a group represented by the formula: 

(CH 2 ), 




wherein n is as defined above, resulting in the production of a compound (lb) wherein a group represented by the for- 
mula: 



30 




35 

wherein n is as defined above is a group represented by the formula: 



40 




wherein n is as defined above, i.e., a compound represented by the formula (In). 

45 [0083] A reaction of Compound (lla) or a salt thereof with Compound (Ma) or a salt thereof can be performed in the 
absence or presence of a base in a solvent which does not affect the reaction adversely or using no solvent In this reac- 
tion, the amount of Compound (Ilia) or a salt used is preferably about 1 to about 5 times (molar ratio), more preferably 
about 1 to about 2 times (molar ratio) that of Compound (lla) or a salt thereof. The base which can be employed may, 
for example, be an inorganic base (e.g., sodium hydride, potassium hydride, sodium hydroxide and the like), an organic 

so base (e.g., triethylamine, pyridine, diisopropyiethylamine and the like), preferably an organic base such as triethylamine. 
The amount of a base, when used, is preferably about 0.5 to about 5 times (molar ratio), more preferably about 0.9 to 
about 2 times (molar ratio) that of Compound (lla). 

[0084] A solvent employed in the reaction of Compound (lla) with Compound (Ilia) which does not affect the reac- 
tion adversely may, for example, be a sulfoxide (e.g., dimethyl sulfoxide and the like), an ether (e.g., diethyl ether, tet- 
55 rahydrofuran, dioxane and the like), a nitrile (e.g., acetonitrile and the like), an aromatic hydrocarbon (e.g., benzene, 
toluene, xylene and the like), a halogenated hydrocarbon (e.g., dichloromethane, chloroform, 1 ,2-dichloroethane and 
the like), an ester (e.g., ethyl acetate), an amide (e.g.. dimethylformamide, acetamide, dimethylacetamide, 1 ,3-dimethyl- 
2-imidazolidinone, 1 -methyl-2-pyrrolidone and the like) and the like. Any of these solvent may be employed alone or in 
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10 



combination of two or more in an appropriate ratio. 

I^frlor A reaCt T °L Comp0Und ( " a) **" Com P° und m * Performed at a temperature preferably of about -10-C 

lZ c s Z. EKolET t0 60 * a 77,6 reaction times ran9e from — 05 10 — 50 Lrs - preferab * 

[0086] Compound (In) and Compound (to) which are the products of this reaction may be produced each as a sin- 
gle compound or m a mixture. When R 2 in Compound (lo) is a hydrogen atom, a ring closure reaction may proved 
under some reaction and/or isolation conditions, resulting in a compound represented by the formula (If) 

S2L h T^h ( ! b) " inVent,0n Wherein R2 18 an '°P««>"ally substituted afiphatic hydrocarbon group- can. for 
example, be produced by reacting a compound represented by the formula- 




(IX) 



S0 ? NH— Ar 



25 



30 



35 



40 



45 



SO 



55 



wherein each symbol is as defined above or a salt thereof with a compound represented by the formula: 

R2b -* 2 (lllb) 

Tl^lt I 8 J aVin ? &*■ 3 ha, ° 9 | n 8tom (e - g - chlorine - bromine - todine a t°™ and the like) or a group rep- 
X "°^ S , R Wherei " * 18 a lower alk >" 9 rou P havi "9 1 to 4 carbon atoms or an optionally subsE 

SSiSn 9 ^ ^ 1 fe T ° Pli0nally SUbStitUted aliphatiC »V*«»*on group and the like, or by sub/ectinTa 
kr^TpeSe P ° Und ^ " 9 Salt there ° f WiUl Ct>mp0Und (,l,a) or a salt th8reof *° a h V drol i s 

L^L / reaCtl ° n ? Compound < lx > ora saltthereof with Compound (lib) can be performed in the absence orpres- 
o ^^S^T ^ ^ notaffec,the reac,ion adveree| V orusltiQ no solvent In this reaction, the amount 
fr^Z £ } , r 18 Pre J e / ^f 0Ut 1 10 about 5 ames <™ lar ra «o). "™ P^ferably about 1 to about 2 times 
(molar ratio) that of Compound (Ix). The base which can be employed may. for example, be an inorganic base (e g 
potassium carbonate; sodium hydride, potassium hydride, sodium hydroxide and the like), an organic base (e.g tri- 
efrylamine, pyndine, diisopropylethylamine and the like). The amount of a base, when used, is preferably about O S to 

f ( T rat, ° ) ' m0fe Preferably ab0Ut 0 9 10 2 times < molar ra«<» ^at of Compound (Ix) 
EL ^ emP '° y ! d ^ aC6on of Compound (ix) with Compound (lllb) which does not affect the reaction 
adversely may, for example, be a sulfoxide (e.g., dimethyl sulfoxide and the like), an ether (e.g.. diethyl ether tetrahv- 
drejuren. dioxane > and the Ilka), a nitrite (e.g., acetonitrile and the Hke), an ar omatic hydrocarbon SZ benzene^- 
Z TeLT* 8 ^°f nated ^ roca * (>n <•*• d ichloromethane, chlorofonn. I^chloroethane and the 

tire), an ester (e.g., ethyl acetate), an amide (e.g., dimethylformamide, acetamide. dimethylacetamide, 1 ,3-dimethyl-2- 

Sm^nTJ" m y, " 2 " Pyrrolid0ne and *" Bk6) an ° Mke - of *~ soi ™* "W be employed alone or in 
combination of two or more in an appropriate ratio. 

♦ [ ??m.r A reaCti0 ( " °L Com P ound W with Compound (lllb) is performed at a temperature preferably of about -10-C 

s,be*rr;^ 



(ly) 



ITfl! 810,11 ° r 8,1 alkanne metal (e ' 9 - ,ithium> sodium ' P° tassium and the like, and each of the other 
symbols is as defined above or a salt thereof with a compound represented by the formula: 
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R 1 — X 2 (Illc) 

wherein each symbol is as defined above or a salt thereof. 

[0092] A reaction of Compound (ly) with Compound (Illc) can be performed in the absence or presence of a base 
5 in a solvent which does not affect the reaction adversely or using no solvent In this reaction, the amount of Compound 
(Illc) used is preferably about 1 to about 10 times (molar ratio), more preferably about 1 to about 5 times (molar ratio) 
that of Compound (ly). The base which can be employed may, for example, be an inorganic base (e.g., sodium hydride, 
potassium hydride, sodium hydroxide and the like), an organic base (e.g., triethylamine, pyridine, diisopropylethylamine 
and the like). The amount of a base, when used, is preferably about 0.5 to about 5 times (molar ratio), more preferably 
io about 0.9 to about 2 times (molar ratio) that of Compound (ly). 

[0093] A solvent employed in the reaction of Compound (ly) with Compound (Illc) which does not affect the reaction 
adversely may, for example, be a sulfoxide (e.g., dimethyl sulfoxide and the like), an ether (e.g., diethyl ether, tetrahy- 
drofuran, dioxane and the like), a nitrile (e.g., acetonitrile and the like), an aromatic hydrocarbon (e.g., benzene, tolu- 
ene, xylene and the like), a halogenated hydrocarbon (e.g., dichloromethane, chloroform, 1 ,2-dichloroethane and the 
75 like), an ester (e.g., ethyl acetate), an amide (e.g., dimethylformamide, acetamide, dimethylacetamide, 1 ,3-dimethyl-2- 
imidazolidinone, 1-methyl-2-pyrrolidone and the like) and the like. Any of these solvent may be employed alone or in 
combination of two or more in an appropriate ratio. 

[0094] A reaction of Compound (ly) with Compound (Illc) is performed at a temperature preferably of about -10°C 
to 150°C, more preferably about 0°C to 120°C. The reaction times ranges from about 0.5 to about 50 hours, preferably 
20 ' about 0.5 hours to about 30 hours. 

[0095] Compound (lb) of the invention wherein R 1 is a lower (C^ alkyl group can be produced by reacting a com- 
pound represented by the formula: 



(1 2) 



30 




wherein R 1b is a hydrogen atom of a lower (C^e) alkyi group, and each of the other symbols is as defined above or a 
salt thereof with a compound represented by the formula: 

35 

R 1c -OH (Hid) 

wherein R 1c is a lower (C v6 ) alkyl group. 

[0096] A reaction of Compound (Iz) with Compound (Mid) can be performed in the presence of an acid in a solvent 
40 which does not affect the reaction adversely or using no solvent In this reaction, Compound (Hid) is used in excess of 
Compound (Iz), usually in an amount greater by about 10 to about 300 times (molar ratio). The acid which can be 
employed may for example be an inorganic acid (e.g., sulfuric acid, hydrochloric acid, phosphoric acid and the like) or 
an organic acid (e.g., toluenesulfonb acid, benzenesulfonic acid, methanesulfonic acid and the like), and the amount 
used is preferably about 0.001 to about 50 times (molar ratio), more preferably about 0.1 to about 5 times (molar ratio) 
45 that of Compound (Iz). 

[0097] A solvent employed in the reaction of Compound (Iz) with Compound (Hid) which does not affect the reaction 
adversely may, for example, be a sulfoxide (e.g., dimethyl sulfoxide and the like), an ether (e.g., diethyl ether, tetrahy- 
drofuran, dioxane and the like), a nitrile (e.g., acetonitrile and the like), an aromatic hydrocarbon (e.g., benzene, tolu- 
ene, xylene and the like), a halogenated hydrocarbon (e.g., dichloromethane, chloroform, 1 ,2-dichloroethane and the 
so like), an amide (e.g., dimethylformamide, acetamide, dimethylacetamide, 1 ,3-dimethyt-2-imidazofidinone, 1-methyl-2- 
pyrrolidone and the like) and the like. Any of these solvent may be employed alone or in combination of two or more in 
an appropriate ratio. 

[0098] A reaction of Compound (Iz) with Compound (Hid) Is performed at a temperature preferably of about 0°C to 
150°C, more preferably about 10°C to 120°C. The reaction times range from about 1 to about 300 hours, preferably 
55 about 1 0 hours to about 200 hours. 

[0099] Compound (la) of the invention wherein R and RO together form a bond and a group represented by the for- 
mula: 
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w 



15 



wherein n is as defined above is a group represented by the formula: 



2Td n bJm S efo^S d abWe ' C ° mP0Und W Can> for eXamp,e> 1,6 Pr0dUCed * SUbjectin 9 a TOm P ound W 



sented by the formula: 

0 

to- ■ || 

(CHP„ (lib) 



25 



*S0,NH-Ar 



!2?h* J!T ^ 88 deflned abWe ° r a salt thereof t0 a rin 9 closure reaction - s "°h a ring closure reaction can 
rSLST h * 8 Pr ° C ! dl,re emp,t,yed '° r deh V dratin 9 a carboxyl group and an amino group to condense into 

OsS? ^ d m "' ZUmiya eLa '- BaSiCS Expeiments of ^ Synthesis, Maruzen 

[0100] More typically, such a ring closure reaction can be performed by bringing Compound (lib) into contact with 
in the presence and absence of an additive. 

(0101] A solvent employed in this reaction which does not affect the reaction adversely may, for example be a sul- 
fT^ZZT S2 "* ¥ ? ^ ^ *"* ^ tet -nydro,uran. **i SEfiS nftri 
fj^nn / * m \™ ar ° mat,C h > ,droca * on < e -9- be nzene, toluene, xylene and the 1Kb), a halogenated 
Mrocarbon (e.g.. d.chloromethane, chloroform, 1.2-dichloroethane and the like), an ester (e.g., ethyl acetate and the 
like), an amide e.g., Amethylformamide, acetamide, dbnethylacetamide, 1,3-dimethyl^midazolidinone 1-methyl-2- 

• nSl ' ^ ^ ° f 0,686 ^ ^ be emp,0yed a '° ne ^ COmbin * ion of So 

EL -.SS i?? 7* * f ample ' 06 8/1 0r9anic base triethylamine, pyridine, diisopropylamine and the 
STS^!^ •! ^°! , «^ ab f 8e,When U8ed> fe P refe ^"yabout0.01 to about 100 times (molarratio), more pref- 
erably about 0.1 to about 10 times (molar ratio) that of Compound (lib). 

SI 03 ! hJ^!^"^ emp,0yed 88 deSCribed 84)076 ma * for «amPle, be an active esterificating agent 
' and ^ like). The amount of an additive, when used, is preferably 

abeutO.01 to about lOOtimes (molarratio). more preferably about 0.1 to about 10times (molarratio) that if Compound 

^1!^ agent may. for example, be N.N'-rf.cyclohexycarbodiimide. 1-etryl-3-(3-dirr*thylaminopro- 
cyanophosphate, diphenylphosphorylazide and carbonyldiimidazole, with N.^cyclohexyl- 
^ a Z^^^ n ° Ph0SPhate bei " 9 Preferred P artfcular * a™"-* of a condensing agent, wh en used. 

m ts t0 100 timeS < molarra,i °>- "»» P"*-* "bo* 0.1 to about 10 times (moiar ratio) thai 
of Compound (lib). The react™ temperature is preferably about -10°C to 100°C. more preferably about O'C to 50«C 

°T T 68 ran9e ,r ° m about °- 5 10 about 50 h0L " s - Preferably about 0.5 hours to about 30 hours 
2 ltn ,!l inVentiVe Com P° und ( ,aa )- m. dec), (la), (lb) or (le) thus obtained can be Isolated and purified by a 
2^17* 88 eXtraC,i0n ' "Nation, neutralization, fiction, crystallization, reciystallfcation, chro- 

^^ Sn '"TT C °T P0Und (,aa)l (,bb)> (ICC)> (la)l (,b) or (lc) thus fe a ««"Pound which is a mix- 

ture of the two compounds in each of which a group represented by the formula- 



's 



so 



55 
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(CH 2 ) 

5 

wherein n is as defined above is a group represented by the formula: 



10 




15 wherein n is as defined above and is a group represented by the formula: 




wherein n is as defined above, respectively, then the separation may be conducted by a known isomer separation 
method such as silica gel chromatography using ethyl acetate/water as an eluent, an octadecyl column chromatography 
25 using methanot/water/acetic acid, and the like. 

[0107] Also when a product is a mixture of the two compounds in each of which a group represented by the formula: 



30 




wherein n is as defined above is a group represented by the formula: 

35 




40 

wherein n is as defined above, and a group represented by the formula: 



45 




so wherein n is as defined above, respectively, then the separation may similarly be accomplished. 

[0108] A prodrug for an inventive Compound (laa) or (la) is a compound which is converted into Compound (laa) or 
(la) under a physiological condition as a result of a reaction with an enzyme or gastric acid, thus a compound undergo- 
ing an enzymatic oxidation, reduction or hydrolyzation to form Compound (laa) or (la) and a compound hydrolyzed by 
gastric acid to form Compound (laa) or (la). A prodrug for Compound (laa) or (la) may, for example, be a compound 

55 obtained by subjecting an amino group in Compound (laa) or (la) to an acylation, alkylation or phosphorylation (e.g., a 
compound obtained by subjecting an amino group in Compound (laa) or (la) to an eicosanoylation, alanylation, 
pentylaminocarbonylation, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methoxycarbonylation, tetrahydrofuranylation, pyrrolicryl- 
methylation, pivaloyloxymethylation and tert-butylation); a compound obtained by subjecting a hydroxy group in Com- 
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20 



25 



30 



fumarylation, aianylation and L^iSJS3SS£T^ P T"° y,a,ion ' P 1 "**** succinylation, 
in Compound (laa) or (la) to an JSSSSSZ a22n„^ * ^ * subjectin 9 a group 

5 Compound (laa) or (la to an etnJesSSln TEZZS&ZT^ * SUbje< * n9 8 W 

Verification, pivaloyloxyme^^^^ 

ke. Any of these compounds oan be ProduJ,™^^ and the 

wtt'TZ* P - 163 " 198 - P " = ^ H^^S^P--^ * "narmaoeutica,).. 

A salt with an inorganic base may. for •^jSS^!^^ , ^^^ w »»«I4 
'5 line earth metal salt such as calcium and maanSum 22^ " ** SOdlUm and P 0 * 88 '"" 1 sa ^. alka- 

base may, for example be a sattwTZ^LT Tl a,Ummum and a "™>ni"m salts, and a salt with an oraanfc 
* a »a^ ^dine picolina. ethanolamine. diethanolSe 

a salt with hydrochloric acid, hydrobromic acTd SKS !fl With a " in0r9anic add "»» for axample. be 

aoid may. for example, be a J with Z te S SSSS^ ""» 8 Satt Wlth an ^ anfe 
maleic acid, citric acid, succinic acid, malic add nShanSulfonic a T f ' T* ^ ^ «■* tartaric add . 
A salt with a basic amino acid may. for exempt iSHZ S ™ k 6n2enesu,fonic acid ° r P-toluenesulfonfc acid, 
acid may. for example, be a sa ItSh aspalacia orgluSc S 0 '" 6 ' ^ 0rornithi " e - a ^ a «ait with acidic amino 

SS StXc 3 ^ 

dride. anda pmdrugforan inWntive Compound S) or iawil h W " e 3 0ran anh V 

[0113] Furthermore, an inventive Compound £ TflS^wLw,^?! 0ran anhydride " 
with a radioisotope (e.g., "h. '<C 3*S i^ d T» S { l' W ' m " ( ' C) ° r Com P our «l W may be labeled 
be labeled similarly. ' ' ' 900 the ,lke >' an <* • Prodrug for an inventive Compound (laa) or Tta) may also 

Mcon^ 
™>a^bedab^^^^^ 

[0115] Fbrexam Pte .asing.eisomar re p^ e ntedb y th7fo^ur^ 



(( ^"7 O'x) 
^"♦^NH— Ar 



wherein each symbol is as defined above, or by the formula- 



's 



0 

ii 



' ^Ar 



wherein each symbol is as defined above, or by the formula: 
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0 
ii 

C-OR 



5 



(fz) 



10 



wherein each symbol is as defined above, in which a group represented by the formula: 



15 




wherein n is as defined above in a starting Compound (tx) t (iy) or (iz) is a group represented by the formula: 



20 



(CH 2 ) 




25 



wherein n is as defined above and * represents a single steric configuration of the designated carbon atom or a single 
isomer of a compound represented by the formula (lib), i.e., a compound represented by the formula: 



wherein each symbol is as defined above can be employed to perform the reaction described above to obtain a single 
isomer of inventive Compound (In) or (Ic). 
40 [0116] When Compound (Inn), (Ice), (In) or (Ic) is a mixture of two or more isomers, an ordinary separation method, 
such as a method in which a salt with an optically active acid (e.g., camphorsulfonic acid and the like) or an optically 
active base (e.g., 1 -methylbenzylamine and the like) is formed, various chromatographic methods (e.g., a liquid chro- 
matography on an optically active column) and a fractional recrystafization may be employed to resolve into discrete 
isomers. 

45 [0117] A compound represented by the formula (Ha), (Ilia), (Ix), (lilb), (ly), (lllc), (Iz), (Mb), (l*x), (IV), (ft) or (ll'b) can 
also be used as a salt, and such salt of each of these compounds may be any of the salts which do not affect the reac- 
tion adversely, such as a salt with an inorganic base, organic base, inorganic acid, organic acid, basic or acidic amino 
acid. A salt with an inorganic base may, for example, be an alkaline metal salt such as sodium and potassium salts, art 
alkaline earth metal salt such as calcium and magnesium salts, aluminum and ammonium salts, and a salt with an 

so organic base may, for example, be a salt with trimethylamine, triethylamine, pyridine, picofine, ethanolamine, dieth- 
anolamine, triethanolamine, cficyclohexylamine or N.N'-dibenzylethylenediamine. A salt with an inorganic acid may, for 
example, be a salt with hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid or phosphoric acid, and a salt with 
an organic salt may, for example, be a salt with formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, 
tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid or p-tolue- 

55 nesulfonic acid. A salt with a basic amino acid may, for example, be a salt with arginine, lysine or ornrtine, and a salt 
with acidic amino acid may, for example, be a salt with aspartic acid or glutamic acid. 

[0118] Compound (lie) which is a starting compound (lla) in the Invention wherein R 1 is ethyl and X 1 is a chlorine 
atom may, for example, be produced by a method represented by the following scheme. 



30 



II 



35 



(CH, 
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(Mc) 

Old) 



;o 



(He) 



C0,C,H s 



a 

S0 2 CI 

and wherein n Is 2 represented by the formula: 



(I If) 



30 




C0 2 C ? H 5 



S0 2 CI 



dig) 



J atom and n is 2 represented 

i ,r' C0!CH ' 

(nil) 



a.CO,CH : 
SO.CI 



55 



38 




30 wherein each symbol is as defined above. 

[0124] A method for producing Compound (ly) wherein M is a hydrogen atom, R 2 is a methyl group, Ar is a phenyl 
group, n is 2 and a group represented by the formula: 



35 




40 is a group represented by the formula: 



45 




which is a compound represented by the formula: 

so 

55 



39 
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II 

aC-OH 
SO.N- 



10 



CH, w 



O's) 



is known per se, and may be in accordance with th« a ■ 

P.6981 (1 979, or analogous methods "* deSCnpfi ° n in Jou ™' - the American Chemica. Society. Vo. 1 01 

rearystaHteation. column ehmmatograX t^t^^T' conce »". neutralization, fiction SStaEn 
nertstep v*hou» any isofction. *" and the like. It may also be used7^m e 

[□126] When a resultant startinn mat** ■ 

group represented by the formula- 9 ' meTOediate fe 8 mbrture °' the ^o compounds in each of which a 



20 



25 



30 



wherein n is as defined above is a group represented by the formula: 



w wherein n is as defined above and is 



40 



a group represented by the formula: 




40 



5 




wherein n is as defined above and is a group represented by the formula: 



10 




15 

wherein n is as defined above, respectively, then the separation may similarly be accomplished. 
[0128] Since an inventive Compound (iaa) or Compound (le) has a low toxicity, an nitric oxide (NO) production- 
inhibiting effect and an inhibitory effect on the production of an inflammatory cytokine such as TNF-a, 11-1 -and IL-6, it 
is useful as a therapeutic and/or prophylactic agent in a mammal (e.g., cat, cattle, dog, horse, goat, monkey, human and 

20 the (ike) against heart disease, autoimmune disease, inflammatory disease, central nervous system disease, infectious 
disease, sepsis, septic shock including ichorrhemia, endotoxin shock, exotoxin shock, cardiac deficiency, shock, hypo- 
tension, rheumatoid arthritis, osteoarthritis, gastritis, ulcerative colitis, peptic ulcer, stress-induced gastric ulcer, Crohn's 
disease, autoimmune disease, post-transplant tissue failure and rejection, postischemic re-perfusion failure, acute cor- 
onary microvascular embolism, shock-induced vascular embolism (disseminated intravascular coagulation (DIC) and 

25 the like), ischemic cerebral disorder, arterial sclerosis, malignant anemia, Fanconi's anemia, drepanocythemia, pancre- 
atitis, nephrose syndrome, nephritis, renal failure insulin-dependent diabetes, insulin-independent diabetes, hepatic 
porphyria, alcoholism, Parkinson's disease, chronic leukemia, acute leukemia, tumor, myeloma, side effects of antican- 
cer agents, infantile and adult respiratory distress syndrome, pulmonary emphysema, dementia, Alzheimer's disease, 
multiple sclerosis, vitamin E deficiency, aging, sunburn, muscular dystrophy, myocarditis, cardiomyopathy, myocardial 

30 infarction, sequela of myocardial infaction, osteoporosis, pneumonia, hepatitis, psoriasis, pain, cataract, influenza infec- 
tion, malaria, human immunodeficiency virus (HIV) infection, radiation-induced failure, bum, in vitro fertilization effi- 
ciency, hypercalcemia, tonic spondylitis, osteopenia, bone Behcet's disease, osteomalacia, fracture, acute bacterial 
meningitis, Helicobacter pylori infection, invasive staphylococcal infection, tuberculosis, systemic mycosis, herpes sim- 
plex virus infection, varicella-helpes zoster virus infection, human papilloma virus infection, acute viral encephalitis, 

as encephalitis, asthma, atopic dermatitis, allergic rhinitis, reflux esophargitis, fever, hyper cholesteremia, hyperglycemia, 
hyperiipidemia, diabetic complication, diabetic renal disease, diabetic neuropathy, diabetic retinopathy, gout, gastric 
atony, hemorrhoid, systemic lupus erythematosus, spinal damage, insomnia, schizophrenia, epilepsy, cirrhosis, hepatic 
failure, instable angina, valvular disease, dialysis-induced thrombocytopenia, acute ischemic cerebral apoplexy, acute 
cerebral thrombosis, cancer metastasis, urinary bladder cancer, mammary cancer, uterine cervical cancer, colon can- 

40 cer, gastric cancer, ovarian cancer, prostatic cancer, parvicellutar pulmonary cancer, nen-parv'iceltular pulmonary can- 
cer, malignant melanoma, Hodgkin's disease, non-Hodgkin lymphoma and the like. 

[0129] When an inventive Compound (laa) or Compound (ie) is administered to a human, it is given safely as it is 
or in a mixture with an appropriate pharmacologically acceptable carrier, excipient and diluent, in a dosage form such 
as an oral formulation (e.g., powder, granlue, tablet, capsule and the like), a parenteral formulation (e.g., injection for- 

45 mulation, dermal formulation (e.g., nasal formulation, percutaneous formulation and the like), suppository (e.g., rectal 
suppository and vaginal suppository and the like) as well as other oral or parenteral pharmaceutical composition. 
[0130] Any of these formulations may be produced by any method known per se which Is employed ordinarily for 
producing a pharmaceutical formulation. The amount of an inventive Compound (laa) or Compound (le) to be incorpo- 
rated into a formulation may vary depending on the dosage forms, and is preferably about 1 0 to 95%by weight in an oral 

so formulation described above and about 0.001 to about 95% by weight in a parenteral formulation described above. 
[0131] For example, an injection formulation can be produced by formulating an inventive Compound (laa) or Com- 
pound (le) together with a solubilizing agent (e.g., 0-cyclodextrin and the like), a dispersant (e.g., Tween 80 ( 
ATLASPOWDER USA), HCO60 (NIKKO CHEMICALS), carboxymethyl cellulose, sodium alginate and the like), a pre- 
servative (e.g., methyl paraben, propylparaben, benzyl alcohol, chlorobutanol and the like), an isotonic agent (e.g., 

55 sodium chloride, glycerin, sorbitol, glucose and the like) into an aqueous injection formulation in accordance with an 
ordinary method, or by suspending or emulsifying an active ingredient in a vegetable oil (e.g., olive oil, sesame oil, pea- 
nut oil, cottonseed oil, com oil and the like) and propylene glycol to form an oil-based injection formulation. 
[0132] An oral formulation can be produced by compressing an inventive Compound (laa) or Compound (le) 
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s release. Such coating may, for examole to L 9 8161 formin9 an enteric «>at, or achieving a sustain,.* 

'0 of a send or semi-soKd or a liquid " C ° mP ° Und ( ' 6) <*" abo be - a dermal formulation in the form 

a °"« a n^ 

(e.g.. natural g Ums . cellulose derivfS" S^^"" 6 Ce,lulose and *• "»). a thlc5el a arem 
»5 based gel or ointment A liquid dermal fomJafi™ may -ard mathod in the form of an aqueous or 1 

atedwater.phosphor^acTaS 

zoates chlorobutenc. benzalkonium chiondTaVdTheS^ ^f™ 0 * 80,1 ,ll<e) ' an •"■*»* (*» . p£K- 
20 ^.asaformutetion base, pan gofwhTaSoTto^mS a ma B na o^Xi 
s contamed to form an ointment °' 1 * 100 mg of an lnventive Compound (laa) or Compound (le) 

ousbase ^.fere^e^at^S^o^o^ °" ?" 9ndtha ,ika ^SmiSS- 

^^tandcondKon.^^^ 

mg*g, most preferably about 0.1 to about 50 mX and m ^1h T 9 * 8, m ° re preferab| y 0.1 to about 100 
havrng a sepsis (adult weighing about 60 ka) saw 5T? pa * ICU,ari y ^ 1 5 *> about 30 mg/kg per day in a patient 
during a day. ,t is a matter of cours fZ ! £ 2 £ ^ 8 h 8h "L on ^ 0r ""»■"■* - "once KS2 
s.nce the dose may vary depending on ^^^^ « a » — *• — may be neqS 

BEST MODE FOR CARRYING OUT THE INVENTION 

P141J The meanings of the atoreSoTas u~a ?„ ,k T * VBh " SUCh de «e™ination. 

oreviauons as used in the Examples are as follows- 



Reference Example 1 



[0142J Sodium peroxyborate tetrahvdrate tt>? 9^u« ^ 
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hours and the resultant insolubles were filtered off. The insolubles were washed with acetonitrile (50 ml) and the filtrate 
and the washing were combined and concentrated under reduced pressure, and the resultant residue was dissolved in 
acetonitrile (150 ml) and stirred at room temperature for 2 hours. The resultant insolubles were filtered off, and the fil- 
trate was concentrated under reduced pressure. The residue was combined with dilsopropyl ether (300 ml) and the 
5 powder which precipitated was isolated by filtration to obtain ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate as a white pow- 
der (18.8 g) containing inorganic substances. 

1 H-NMR (DMSO-cy* 1.17 (3H, t, J=7Hz), 1.53 (4H, br), 2.08-2.09 (2H, m), 2.22-2.24 (2H, m), 3.99 (2H, q, J=7Hz). 

10 Reference Example 2 

[0143] Sodium peroxyborate tetrahydrate (74.3 g) was admixed with acetic acid (400 ml) and heated to 50 to 55°C 
and then a solution of ethyl 2-mercapto-1 -cyclohexene-1 -carboxylate (30.0 g) in acetic acid (50 ml) was added dropwise 
over 2 hours. The mixture was stirred at 50 to 55°C for 3 hours and then at 80 to 85°C for 5 hours and concentrated 

15 under reduced pressure. The residue was combined with acetonitrile (660 ml) and stirred at room temperature for 1 
hour and the resultant insolubles were filtered off. The insolubles were washed with acetonitrile (50 ml) and the filtrate 
and the washing were combined and concentrated under reduced pressure, and the resultant residue was dissolved in 
acetonitrile (500 ml) and stirred at room temperature for 2 hours. The resultant insolubles were filtered off, and the fil- 
trate was concentrated under reduced pressure. The residue was combined with diisopropyl ether (1000 ml) and the 

20 powder which precipitated was isolated by filtration to obtain ethyl 2-surfo-1 -cyclohexene-1 -carboxylate as a white pow- 
der (55 g) containing inorganic substances. This was treated dropwise with thionyl chloride (1 50 ml) at 0°C over 1 hour 
and then stirred at 80 to 85°C for 20 hours. The mixture was evaporated under reduced pressure to dryness and the 
residue was partitioned between ethyl acetate (300 ml) and a dilute brine (400 ml) and the aqueous layer was extracted 
with ethyl acetate (200 ml). The ethyl acetate layers were combined and washed with saturated brine (200 mL) and . 

25 dried over anhydrous sodium sulfate. The solvent was evaporated off to obtain a residue, which was purified by flash 
chromatography on silica gel column (eluent ethyl acetate/hexane = 1/B -> ethyl acetate/hexane = 1/5) to yield ethyl 2- 
chlorosulfonyl-1 -cyclohexene-1 -carboxylate (21 .5 g) as yellow crystals. 

1 H-NMR (CDCyfc 1.38 (3H, t, J=7.0Hz), 1.70-1.89 (4H, m), 2.52-2.67 (4H, m), 4.30 (2H, q, J=7.0Hz). 
30 % Calculated for CgH^CICXjS : C t 42.77; H5.1 8 
% Found : C, 42.73, H5.15 
Melting point 31.5 to 32.5°C 

Reference Example 3 

35 

[0144] Sodium peroxyborate tetrahydrate (1 0.6 g) was admixed with acetic acid (57 ml) and heated to 50 to 55 °C 
and then a solution of ethyl 2-mercapto-1-cyclopentene-1 -carboxylate (3.9 g, synthesized in accordance with Tetrahe- 
dron, Vol.30, p.3753 (1974)) in acetic acid (7 ml) was added dropwise over 2 hours. The mixture was stirred at 50 to 
55°C for 3 hours and then at 80 to 85°C for 5 hours and concentrated under reduced pressure. The residue was com- 

40 bined with acetonitrile (1 00 ml) and stirred at room temperature for 12 hours and the resultant insolubles were filtered 
off. The insolubles were washed with acetonitrile (10 ml) and the filtrate and the washing were combined and concen- 
trated under reduced pressure, and the resultant residue was dissolved in acetonitrile (70 ml) and stirred at room tem- 
perature for 2 hours. The resultant insolubles were filtered off, and the filtrate was concentrated under reduced 
pressure. The residue was combined with diisopropyl ether (20 ml) and the pellet which precipitated was Isolated by a 

45 filtration to obtain ethyl 2-sulfo-1-cyclopentene-1 -carboxylate as a white powder (7.8 g) containing inorganic sub- 
stances. This (1.0 g) was dissolved in thionyl chloride (3 ml) and then stirred at 80 to 90°C for 15 hours. The mixture 
was evaporated under reduced pressure to dryness and the residue was dissolved in ethyl acetate (50 ml). The result- 
ant aqueous solution was washed successively with water (50 ml) and saturated brine (50 ml) and then dried over anhy- 
drous sodium sulfate. The solvent was evaporated off to obtain a residue, which was purified by flash chromatography 

so on silica gel column (eluent ethyl acetate/hexane = 1/5) to yield ethyl 2-chlorosulfonyl-1-cyclopentene-1 -carboxylate 
(153.7 mg) as a yellow oil. 

^-NMR (CDCIaJS: 1.35 (3H, t, J=7.0Hz), 2.18 (2H, quintet, J=8.0Hz), 2.92-3.08 (4H, m), 4.33 (2H, q, J=7.0Hz). 
55 Reference Example 4 

[0145] Sodium peroxyborate tetrahydrate (6.8 g) was admixed with acetic acid (37 ml) and heated to 50 to 55°C and 
then a solution of ethyl 2-mercapto-1-cycloheptene«1 -carboxylate (3.0 g, synthesized in accordance with Tetrahedron, 
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15 



ubles wem washed with acetonitrile (1 0 mlj anl ne fi t^TZT ILT ' 0ff - *»* 

reduced pressure, and the resuftant residue was dlS ,n a~t Qn ^n T C ° mbined a " d ^trated under 
hour. The resultant insolubles were filtered oT, and ft! SU aoetoni fr"* (70 ml) and stirred at room temperature for 1 
was combined with dfeopropy, ether (,oW™ SIS! kT Concentra,ed under re "uced pressure The residue 
2-^o-l^hepteneTJ^ 

soVed in thiony. chloride (4 ml) and then JZ JKE ^t^^^^'^^^^^^ 
pressure to dryness and the residue was dissolved* S^IS' 5" ^ ^°^ d Undw redl ^ 

urated brine (30 ml x 2) and then dried over a^mufso ^ 71,e h S0,Ut,0n 0btain6d *- ^"ed with sat- 
•due which was purified by flash chromatin? on sfe i^T ^ " W,>d 0 " t0 obtain a 

Z^'orosulforyM-^oheptene-l-^^^ 

Reference Example 5 



[0146] 

pie 1 



ml) and the mixture was stirred at 55°C for fhTurs T^fmi^l aqU6 ° US S ° m °" 0< SOdium •**»*• (29 

residue was purified by CHP-20P column chromZ^^^ Under reduced P—«» and ihe 

concentrated under reduced pressure and 2 i h * methanoMtfater = ™> The effluent was 

***** ,.0,2.40 (OH. m, 4,5 (1H , d. ^.OHz, S.3S ( 1H , , 0=3.4*,, ,..,33 {2H . m , , 50 p „ t 

i^SSgSSSK ' H 2 0:C.4 1 ,a;H., 7 s ;N .3, 5 
so SIMS: 356 (MH+) 



Reference Example 6 



35 
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^1 w^^~ mo and the srtufion was 

atmosphere at 7TC for 20 hours. The ^JCS^^^^^^^^^^f*^ 
ous layer was extracted with ethyl acetate ■ilTT2J£2£ ? ^ aceta,e andwa s"ed with water. The aque- 
and men with saturated brine, and then X^^SSSS^T TT™* ""' ^ 5 times Wtth ^ ter 
sure, and the residue was purified bv columnTh-ZT 77,6 S0,vert *" distiltea °» under reduced ores- 

fraction was concentrated ^^S^TS^T siIica & C«* acetatemexane = 1 , .3). A d eX 
d --' a ~ 

/o Found : C, 45.98; H, 2.43; IM, 26.85 ' ' 

Melting point: 90 to 91 °C 



Reference Example 7 
so [0148] 



55 



iSSKS^ri^ffi ^ * — C1» -0 and admixed with 

filtering the catalyst off. the fii j£J2S Z^Z^ nm for 1 ^ 

tate, and the resultant solution as waaheTs^^ wfth water InTTZ reSidUe " di,uted with eth V ace- 
fate. The solvent was distllted off under mSSZ^^J^^T"^ ^ Md * sul- 
silica gel (ethyl acetatemexane = 1 Z) A deSe 2 ! ^ pUrMed * co,umn chromatography on 

was crystalled from a mixture of ethyl s^Tz^lZZ TT^t P ~ and «» «3S 

*>le (1.08 g) as yellow powdery crystals ^ t0 y,e,d HI-amino-S-fluorophenyD-lH-l^.^trla! 
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1 H-NMR (CDCyfc 4.41 (2H, br), 6.78-6.85 (1H, m), 6.96-7.05 (2H, m), 8.16 (1H, s), 8.37 (1H, s). 
% Calculated for C 8 H 7 FN 4 : C, 53.93; H, 3.96; N, 31 .45 
% Found : C, 54.07; H, 3.82; N, 31.55 
Melting point 103to104°C 



5 



Reference Example 8 

[0149] Methyl 4-amino-3-chlorobenzoate (5.65g; synthesized in accordance with Synthesis, 1985, 669) was dis- 
solved in tetrahydrofuran (112 ml) and admixed with a solution of sodium hydrogen carbonate (7.67 g) in water (84.8 

10 ml) and benzyl chloroformate (39.1 ml) and the mixture was stirred under a nitrogen atmosphere at room temperature 
for 22.5 hours. The reaction mixture was extracted with ethyl acetate and the ethyl acetate layer was washed three 
times with water and then twice with saturated brine. The ethyl acetate layer was dried over magnesium sulfate and then 
the solvent was distilled off under reduced pressure, and then the residue was purified by column chromatography on 
silica gel (ethyl acetate/hexane = 1:7). A desired fraction was concentrated under reduced pressure and the residue 

75 was crystallized from a mixture of ethyl acetate and diisopropy! ether to yield methyl 4-benzyloxycarbonylamino-3-chlo- 
robenzoate (7.51 g) as white crystals. 

1 H-NMR (CDCyS: 3.91 (3H, s), 5.25 (2H, s), 7.38-7.44 (6H, m), 7.95 (1H, dd, J=8.8Hz, 2.0Hz), 8.06 (1H, d, 
J=2.0Hz), 8.33 (1H, d, J=8.8Hz). 
20 ' % Calculated for C 16 H 14 CIN0 4 :C, 60.10; H, 4.41; N, 4.38 
% Found : C, 60.21 ; H, 4.42; N, 4.22 
Melting point: 107.5 to 108.5°C 

Reference Example 9 



[0150] Potassium t-butoxide (24.7 g) was dissolved in dimethy [sulfoxide (221 ml) and admixed with methyl 4-ben- 
zyloxycarbonylamino-3-chlorobenzoate (4.52 g) and the mixture was stirred at room temperature for 25 minutes. The 
reaction mixture was poured into water (200 ml), which was then acidified with 1 N hydrochloric acid (225 ml) and then 
extracted with ethyl acetate. The ethyl acetate layer was washed successively with water and saturated brine, and dried 
30 over magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by column 
chromatography on silica gel (ethyl acetate/hexane =: 2:5). A desired fraction was concentrated under reduced pressure 
to obtain 4-benzyloxycarbonylamino-3-chlorobenzoic acid (2.47 g) as a white powder. 

1 H-NMR (d 6 -DMSO)6: 3.34 (1H, br), 5.20 (2H, s), 7.34-7.47 (5H, m), 7.86 (1H, s), 7.87 (1H, s), 7.93 (1H, s), 9.40 
35 (1H,s). 

% Calculated for C 15 H 12 C1N0 4 : C ( 58.93; H, 3.96; N, 4.58 
% Found : C, 58.85; H, 3.93; N, 4.55 
Melting point: 181. 5 to 182.5°C 

40 Reference Example 1 0 

[0151] 4-Benzyloxycarbonylamino-3-chIoroben2oic acid (0.80 g) was dissolved in N,N<fimethylformamide (24.0 
ml) and admixed at room temperature with t-butyl glycinate (0.44 g) and triethylamine (0.77 ml). Diethyl cyanophos- 
phate (0.43 ml) was added with ice-cooling, and the mixture was stirred under a nitrogen atmosphere at room temper- 
as ature for 30 minutes. The reaction mixture was diluted with ethyl acetate and washed with water. The ethyl acetate layer 
was separated and the aqueous layer was extracted with ethyl acetate. The ethyl acetate layers were combined and 
washed three times with water and then twice with saturated brine, and then dried over magnesium sulfate. The solvent 
was distilled off under reduced pressure, and the residue was crystallized from a mixture of ethyl acetate and diisopro- 
pyl ether to yield t-butyl N-(4-benzyloxycarbonylamino-3-chlorobenzoyl) glycinate (0.93 g) as white crystals. 



1 H-NMR (CDCyfc 1.51 (9H, s), 4.12 (2H, d, J=5.0Hz), 5.24 (2H, s), 6.58 (1H, t,J=5.0Hz), 7.37-7.45 (6H,m), 7.68 
(1H, dd, J=8.6Hz, 2.0Hz), 7.89 (1H, d, J=2.0Hz), 8.32 (1H, d, J=8.6Hz). 
% Calculated for Ca^^CINgOs : C, 60.22; H, 5.53; N, 6.69 
% Found : C, 60.27; H, 5.50; N, 6.69 
55 Melting point 1 63 to 1 64°C 



25 
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Reference Example 1 1 

5 temperature for 1 SETS '22 1 - J"" ^ undera h ^ e » ^osphere at room 

times with water and twice wS SSSES^l! ,12 t 7 ^ ^ aCetate 8nd Washed three 
vent was distilled off Zterlw,^ b ""e^The ethyl acetate layer was dried over magnesium sulfate and the sol- 

ZrtltfhZL » f h ! , PreSSUre - 1116 reSidUS "~ Purified bv co,umn chromatography on silica gel (eZ\ 

% Calculated for C 13 H 17 CIN 2 0 3 : C t 54.84; H, 6.02; N, 9 84 
is % Found : C, 54.56; H, 5.85; N, 9.54 
Melting point 1 1 6 to 1 1 7°C 

Reference Example 12 

was SE," Slurn^rl^L^l"!! ""^ redUCed pre8Sure and th * «•■*» 

SIMS: 340 (MH*) 

R, atZ^m^wS; ^?2- 1 " yd0heXene - 1 - Cam0Xy,ate ^ 9) was dissohred in water 
was washed JKSrllS m^ 1h tha " extracted with <*yl acetate (1 00 ml). The ethyl acetate layer 
under reduced pre2u^ S S £ It f^?™ 8 ^gnesium sulfate and then the sofcent was cferjlledoff 

% Calculated forC 13 H 13 F 2 N0 4 S : C f 49.21; H, 4.13; N 4 41 
% Found : C, 49.47; H, 4.16; N, 4 62 
SIMS: 317(M + ) 

45 Reference Example 13 

% Calculated for C^gOgS : C, 68.67; H, 6.92 
% Found : C, 68.86; H, 6.82 

Reference Example 14 
[0156] Sodiumperoxyboratetetmhyd^ 
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and then a solution of ethyl 2-mercapto-5-phenyl-1 -cyclohexene-1 -carboxylate synthesized in Reference Example 13 
(20 g) in acetic acid (200 ml) was added dropwise over 2 hours. The mixture was stirred at 50 to 55°C for 3 hours and 
then at 80 to 85°C for 5 hours and concentrated under reduced pressure. The residue was combined with acetonitrile 
(500 ml) and stirred at room temperature for 1 hour and the resultant insolubles were filtered off. The insolubles were 

5 washed with acetonitrile (20 ml) and the filtrate and the washing were combined and concentrated under reduced pres- 
sure, and the resultant residue was dissolved in a mixture of acetonitrile (500 ml) and methanol (500 ml) and stirred at 
room temperature for 2 hours. The resultant insolubles were filtered off, and the filtrate was concentrated under reduced 
pressure. The residue was combined with diisopropyl ether (500 ml) and the pellet which precipitated was isolated by 
a filtration to obtain ethyl 5-phenyl-2-sulfo-1 -cyclohexene-1 -carboxylate as a white powder (40.4 g) containing inorganic 

7 0 substances. 

[0157] This (10 g) was treated dropwise with thionyl chloride (30 ml) at 0°C over 1 hour and then stirred at 85 to 
90°C for 7 hours. The solution was evaporated under reduced pressure to dryness and the residue was dissolved in 
ethyl acetate (50 ml). The solution obtained was washed successively with water (50 ml) and saturated brine (50 ml) 
and then dried over anhydrous sodium sulfate. The solvent was evaporated off to obtain a residue, which was purified 
15 by flash chromatography on silica gel column (eluent ethyl acetate/hexane = 1/8) to yield ethyl 2-chlorosulfonyl-5-phe- 
nyl-1 -cyclohexene-1 -carboxylate (4.8 g) as pale yellow crystals. 

1 H-NMR (CDCl3)5: 1.35 (3H, t, J=7.4Hz), 1.85-2.02 (1H ( m), 2.14-2.26 (1H, m) ( 2.56-3.02 (5H, m), 4.31 (2H, q, 
J=7.4Hz), 7.19-7.40 (5H, m). 

20 ' 

Reference Example 15 

[0158] Ethyl 5-t-butyl-2-oxocyclohexene carboxylate (50.7 g) [synthesized in accordance with Collect Czech. 
Chem. Commun, 1976, 41, 2928] was subjected to a procedure described In Tetrahedron, Vol.30, p.3753 (1974) to 
25 yield ethyl 5-t-butyl-2-mercapto-1 -cyclohexene-1 -carboxylate (39.6 g) as yellow oil. 

1 H-NMR (CDCyS: 0.90 (9H, s), 1.22-1.34 (1H, m), 1.32 (3H t t, J=7.2Hz), 1.75-2.03 (3H, m), 2.40-2.67 (3H, m), 
3.91 (1 H, s), 4.24 (2H, q, J=7.2Hz). 
% Calculated for C^H^OgS : C, 64.42; H, 9.15 
30 % Found : C, 64.47; H, 9.29 

Reference Example 1 6 

[0159] Sodium peroxyborate tetrahydrate (38.2 g) was admixed with acetic acid (270 ml) and heated to 50 to 55°C 

35 and then a solution of ethyl 5-t-butyl-2nnercapto-1 -cyciohexene-1 -carboxylate (20.1 g) synthesized in Reference Exam- 
ple 15 in acetic acid (31 ml) was added dropwise over 2 hours. The mixture was stirred at 50 to 55°C for 3 hours and 
then at 80 to 85°C for 7.5 hours and concentrated under reduced pressure. The residue was combined with acetonitrile 
(445 ml) and stirred at room temperature for 3.5 hours and the resultant insolubles were filtered off. The insolubles were 
washed with acetonitrile (110 ml) and the filtrate and the washing were combined and concentrated under reduced 

40 pressure, and the resultant residue was dissolved in acetonitrile (320 ml) and stirred at room temperature for 15 hours. 
The resultant insolubles were filtered off, and the filtrate was concentrated under reduced pressure. The residue was 
combined with diisopropyl ether (250 ml) and the pellet which precipitated was isolated by a filtration and concentrated 
under reduced pressure to obtain ethyl 5-t-butyl-2-sulfo-1 -cyclohexene-1 -carboxylate as yellow oil (17.6 g) containing 
inorganic substances. This (16.4 g) was treated dropwise with thionyl chloride (49.2 ml) at 0°C over 0.5 hours and then 

45 stirred at 80 to 90°C for 7 hours. The solution was evaporated under reduced pressure to dryness and the residue was 
partitioned between ethyl acetate (200 ml) and dilute brine (240 ml) and the aqueous layer was extracted with ethyl ace- 
tate (100 ml). The combined ethyl acetate layers were washed with saturated brine (120 ml) and then dried over anhy- 
drous sodium sulfate. The solvent was evaporated off to obtain a residue, which was purified by column 
chromatography on silica gel (eluent ethyl acetate/hexane = 1/10), and a desired fraction was concentrated under 

so reduced pressure. The residue was crystallized from hexane to yield ethyl 5-t-butyl-2-chlorosulfonyl-1 -cydohexene-1 - 
carboxylate (7.4 g) as a white crystals. 

1 H-NMR (CDCl3)5: 0.92 (9H, s), 1.22-1.46 (2H, m), 1.36 (3H, t, J=7.2Hz), 2.04-2.35 (2H, m), 2.45-2.65 (2H, m), 
2.79-2.92 (1H f m), 4.31 (2H, q, J=7.2Hz). 
55 % Calculated for C 13 H 21 CI0 4 S : C, 50.56; H, 6.85 
% Found : C, 50.47; H, 6.74 
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Reference Example 17 

[° a 1 « « 5 ^ d ' meth y | - 2 - oxoc y c| ohexene carboxylate (31.2 g) [synthesized In accordance with J.Org.Chem 

^sssssr ^ 1 43 (2H> *• j=e - 4Hz)> 2,4 <2H - *• ^ 2 - 45 - 2 - 55 <2K 

% Calculated forC^H^OgS : C, 61.64; H, 8.47 
> % Found : C, 61 .40; H, 8.68 

Reference Example 18 

E! pe :°f orate te *ahydrate (4 6.3 g) was admixed with acetic acid (270 ml) and heated to 50 to 55°C 

and then a solut.cn of ethyl S.S-dimethyl-Z^ercapto-l^yclohexene-l^moxyfate (20.2 g) synthesized in Reference 

SSI I iSSSf (3 »°K m0 added drDPWiSe Wer 2 ^ 1,16 mWure » «° «« »or 3 o"rs 

♦™JL?^ « ^ ? ^ and conoentrated under redu <* d P«~* The residue was combined with ace- 
S^iiS."? r . 81 J 00 " 1 temperature for 4 houre and resultant insolubles were filtered off. The insolu- 
bles were washed wrth acetonitrile (120 ml) and the filtrate and the washing were combined and concentrated under 

S Zi^rl',^ r ^ ,tent reSidUe W8S diSS0lV6d acatonitrila (MO ml) and stirred at room temperature for 
15 hours. The resultant .nsolubles were filtered off, and the filtrate was concentrated under reduced pressure The res- 

« Zl^t^ 80 ^' eth8r (3 °° m,) and the powder whlch P«**"*» was isolated by a filtration to yield 
3 3 XISS^K °te™*-l<**>°W ^ an orange oil (26.5 g) containing inorganic substances. This 
(26.3 g) was dfesolved in thronyi chloride (79 ml) and then stirred at 80 to 90°C for 7.5 hours. The solution was evapo- 
rated under reduced pressure to dryness and the residue was dissolved in ethyl acetate (150 ml). The solution thus 

*T ^ (2 °° ^ and P^ 0 ^ 3nd then ** °W «**> ^ r washed twice 
wrth saturated bnne (100 mO and then dried over anhydrous sodium sulfate. The solvent was evaporated off to obtain 

a liorn e ;,)S^ a !r PU l ed 5" ^IT i*™* 0 **** °n silica gel (eluent ethyl acetate/hexane = 1/8) to yield ethyl 
2-<*lorosulfonyl-5 > 5-dimethyl-1-cyclohexene-1 -carboxylate (12.4 g) as a brown oil. 

mUSSSmiMT' S) ' 134 (3H ' *' J=7 ' 2Hz) ' 1-61 (2H ' l ' J=6 ' 6Hz) " 231 (2H ' ** J=2 ' 4Hz)> 264 " 2 - 72 (2Hl 

% CalculatedforC 11 H 17 CI0 4 S : C, 47.06; H, 6.10 
% Found : C, 47.46; H, 6.10 

Example 1 

%H5L* ^ 2 - s n ul ^ 1 ^y c,ohexene - 1 -<=art>oxy'ate (7.1 1 g) obtained in Reference Example 1 was dissolved in thio- 
nyl chlonde (21 .0 ml) and heated under reflux for 14 hours and then the reaction mixture was evaporated under reduced 

SUZHTh ryn6SS ' ^ reSidUe *" SUbjeCted thre8 times t0 the P rocedu « "solving an addition of hexane (30 ml) 
foHowed by an evaporaton under reduced pressure to dryness to yield ethyl 2-cWorosulfonyl-l^ydohexene-lirbox- 

S m ?a T TJ^ ^ aCeta,e (2 ° ml) a " d the resultant mixture was added to a "tarn, consisting of I 
for TiT 2if M * ( 3 - 41 ml > a " d e *yl acetate (54 ml), and then stirred at room tempe'rature 

LI 11 ? V *" partitioned between ethyl acetate (50 ml) and water (200 ml). The ethyl acetate 
SSTiTS ^ hdi,mebrine(100m,x3 ) and dried overanhydrous magnesium sulfate, and men me^ 
ftrtded off The residue was combined with dHsopropyi ether (8 ml) and the crystals which precipitated was isolated by 

ISTE T^?^ k WerS WaSh6d wHh ^ acetate < 8 ml > to y^ 10 eth y' 6-fN-(4-chloro-2-fiuorophe- 

S» S^rr 1 ? tatylate (Compound 1 ; 1.60 g) as colorless needle-like crystals. The mother liquor 
and the wash were combined and subjected to silica gel chromatography (eluent ethyl acetatemexane = 1/5 - 1/4) and 
concenfrated under reduced pressure, and the residue was crystallized from ethyl acetate - diisopropyl 
ether to yield the second crop of Compound 1 (1 .41 g). 



H^MR (DMSO-d6)& 1.10 (3H, t, J=7.2Hz), 1 .57-1.82 (2H, m), 1.98-2.44 (4H, m), 4.02 (2H ( q. J=7.2Hz), 4.32 (1H 
d J=4.4Hz). 7.12 (1H, t. J=3.4Hz). 7.23-7.31 (1H, m), 7.45-7.54 (2H, m). 10.04 (1H, s). * 
% Calculated for C 15 H 17 CIFN0 4 S : C, 49.79; H, 4.74; N, 3.87 
% Found : C, 49.93; H, 4.72; N, 4.09 
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Example 2 



[0163] To a solution ot ethyl 6-[N-(4-chloro-2-fluorophenyl)sulf^ (Compound 1; 

250 mg) obtained in Example 1 was 1 .60 g) in N.N-dimethylformamtde (2.5 ml), methyl iodide (1 1 8mg), potassium car- 
5 bonate (191 mg) were added and the mixture was stirred at room temperature for 1 hour. The reaction mixture was 
diluted with ethyl acetate (30 ml), washed with water (30 ml x 2) and dried over anhydrous magnesium sulfate, and then 
the solvent was distilled off. The residue was purified by silica gel chromatography (eluent ethyl acetate/hexane = 1/4) 
to yield ethyl 6^N-(4^hloro-2-fluorophenyl)-NHTietrylsulfamoyO-lK7clohexene-1<arboxylate (Compound 2; 250 mg) 
as a colorless oil. 



1 H-NMR (DMSO-d 6 )5: 1.17 (3H, t, J=7.2Hz), 1.56-2.44 (6H, m), 3.19 (3H, s), 4.12 (2H, q, J=7.2Hz), 4.64 (1H, d, 
J=4.4H2), 7.16 (1H, t, J=3.6Hz), 7.33-7.39 (1H, m), 7.54-7.62 (2H, m). 
% Calculated for C 16 H 19 CIFN0 4 S : C, 51.13; H, 5.10; N, 3.73 
% Found : C, 50.91; H, 5.10; N, 3.64 



[0164] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (2.0 g) obtained in Reference Example 1 was dissolved in thlonyl 
chloride (5.9 ml) and heated under reflux for 14 hours and then the reaction mixture was evaporated under reduced. 

20 pressure to dryness. The residue was subjected three times to the procedure involving an addition of hexane (10 ml) 
followed by an evaporation under reduced pressure to dryness to yield ethyl 2-chlorosulfonyM -cyclohexene-1 -carbox- 
ylate. This was combined with ethyl acetate (1 5 ml) and the resultant mixture was added to a mixture consisting of 2,4- 
difluoroaniline (1 .29 g), triethylamine (2.0 ml) and ethyl acetate (1 0 ml) with ice-cooling, and then stirred with ice-cooling 
for 30 minutes and then at room temperature for 20 hours. The reaction mixture was diluted with ethyl acetate (100 ml) 

25 and washed with dilute brine (150 ml x 3) and dried over anhydrous magnesium sulfate, and then the solvent was dis- 
tilled off. The residue was combined with diisopropyl ether (6 ml) and the crystals which precipitated were isolated by a 
filtration to yield ethyl 6-[N-(2,4-difluorophenyl)surramoyQ-1 -cyclohexene-1 -carboxylate (Compound 3; 0.61 g) as color- 
less needle-like crystals. 

30 1 H-NMR (DMSO-cyS: 1 .07 (3H, t. J=7.2Hz), 1 .46-1 .82 (2H t m), 1 .97-2.50 (4H, m), 4.01 (2H, q, J=7.2Hz), 4.28 (1 H, 
d, J=4.8Hz), 7.04-7.1 5 (2H, m), 7.29-7.54 (2H, m), 9.86 (1 H, brs). 
% Calculated for C 15 H 17 F 2 N04S : C, 52.17; H, 4.96; N, 4.06 
% Found : C, 52.27; H p 4.84; N, 3.98 

35 Example 4 

[0165] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (0.67 g) obtained in Reference Example 1 was dissolved in thio- 
nyl chloride (2.0 ml) and heated under reflux for 8 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (8 ml) followed by an evaporation under reduced 

40 pressure to dryness was repeated three times to yield ethyl 2-chlorosurfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (5 ml) and the resultant mixture was added to a mixture consisting of 2,6-diisopropylaniline 
(0.89 g), triethylamine (0.70 ml) and ethyl acetate (8 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes 
and then at room temperature for 20 hours. The reaction mixture was diluted with ethyl acetate (20 ml) and washed with 
water (40 ml) and dilute brine (40 ml x 3) and dried over anhydrous magnesium sulfate, and then the solvent was dis- 

45 tilled off. The residue was purified by silica gel chromatography (eluent ethyl acetate/hexane = 1/20 -» 1/9) to yield ethyl 
6-[N-(2,6-diisopropylphenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 4; 0.12 g) as a colorless oil. 

1 H-NMR (DMSO-ds)& 0.99 (3H, t, J=7.2Hz), 1.15 (12H ? d, J=6.6Hz), 1.58-2.60 (6H, m), 3.39-3.52 (2H, m), 3.97 
(2H, q, J=7.2Hz), 4.38 (1H, d f J=5.4Hz), 7.05 (1H, br), 7.15-7.31 (3H, m), 8.96 (1H, s). 



[0166] Ethyl 2-surfo-1 -cyclohexene-1 -carboxylate (1.0g) obtained in Reference Example 1 was dissolved in thionyl 
chloride (3.0 ml) and heated under reflux for 8 hours and then the reaction mixture was evaporated under reduced pres- 
55 sure to dryness. The procedure involving an addition of hexane (1 0 ml) followed by an evaporation under reduced pres- 
sure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (10 ml) and the resultant mixture was added to a mixture consisting of 4-nftroaniline (0.69 
g), triethylamine (0.70 ml) and ethyl acetate (8 ml) with ice-cooling, and then stirred with Ice-cooling for 30 minutes and 
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then at room temperature tor 14 hours. The reaction mixture was diluted with ethyl acetate (60 ml) and washed with a 
dilute bnne (50 ml x 3) and dried over anhydrous magnesium sulfate, and men the solvent was distilled off. The residue 
was punfied by silica gel chromatography (eluent ethyl acetate/hexane = 1/2) and then crystallized from diisopropyl 
ether to yield ethyl 6-{N-(4-nitrophenyl)surfamoyl]-1-cyclohexene-1-carboxylate (Compound 5; 90 mg) as pale yellow 
powdery crystals. 7 

'H-NMR (DMSO-de)S: 1.13 (3H, t, J=7Hz), 1.60-1.85 (2H. m). 1.96-2.46 (4H. m), 3.90-4.16 (2H. m) 446 (1H d 
J=5Hz). 7.21 (1H.t,J=3Hz). 7.38 <2H, d, J=9Hz), 8.22 (2H, d. J=9H2). 10.92 (1H,s). 
% Calculated for C 15 H 18 N 2 0 6 S : C, 50.84; H, 5.12; N, 7.90 
» % Found : C, 50.80; H, 4.99; N, 7.93 

Example 6 

[ °? 6 m ^f" 0 " 1 <ydohexene-1 -carboxylate (0.67 g) obtained in Reference Example 1 was dissolved in thio- 

nyl chlonde (2.0 ml) and heated under reflux for 8 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by an evaporation under reduced 
pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1-cyclohexene-1-carboxylate. This was 
combined wrth ethyl acetate (12 ml) and the resultant mixture was added to a mixture consisting of aniline (0.28 g) tri- 
ethylamine (0.42 ml) and ethyl acetate (4 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes and then 

T^l^^TunlZl 3 IT"!' 71,8 feaCti0n miXtUre VBS di,uted witn etnyl acetate (50 ml) and washed with water 
(50 ml) and 0.2 N HCI (50 ml) and water (50 ml x 2) and dried over anhydrous magnesium sulfate, and then the solvent 
was dBtilled off. The residue was purified by silica gel chromatography (eluent ethyl acetate/hexane = 1/4), and the first 
effluent was concentrated under reduced pressure and the residue was purified by chromatography on octadecyl 
(ODS) column (eluent methanol/water = 7/3). The effluent was concentrated under reduced pressure to precipitate 
crystals which were collected by filtration to yield ethyl 2-(N-phenylsulfamoyO-1-oyclohexene-1^arboxylate (Compound 
7; 37 mg) as colorless powdery crystals. The second effluent was also concentrated under reduced pressure and the 
resultant residue was purified by an ODS column chromatoghraphy (eluent methanol/water = 7/3). The effluent was 
concentrated under reduced pressure and the residue was crystallized from methanol - water to yield ethyl 6-(N-phe- 
nylsulfamoyl)-l -cyclohexene-1 -carboxylate (Compound 6; 56 mg) as colorless needle-like crystals. 

Compound 6: 1 H-NMR (DMSO-de)* 1.14 (3H. t, J=7.2Hz), 1.55-1.74 (2H, m), 1.98-2.42 (4H, m). 3 97-4 12 (2H 
m), 4.32 (1H,d,J=4.8Hz), 7.02-7.35 (6H,m). 10.03 (1H,bre). ' " 

% Calculated for C 15 H 19 N0 4 S : C, 58.23; H, 6.1 9; N, 4.53 
% Found : C, 58.28; H, 6.19; N. 4.55 

^Tn>V™?3 ThZ) 0 ^' (3H ' U J=7HZ) ' 1-54 (4H ' (4H * 4 ' 14 (2H * * J=7H2)> 7 ° 2 ' 

% Calculated for C 15 H 19 N0 4 S : C, 58.23; H, 6.19; N, 4.53 
% Found : C, 57.94; H, 6.10; N, 4.52 

Example 7 

, c ^ 2 - s " l ^- 1 - c y c,0hex6 ne-1 -carboxylate (2.0 g) obtained In Reference Example 1 was dissolved in thionyl 
chlonde (5.0 ml) and heated under reflux for 14 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by an evaporation under reduced 
pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyM -cyclohexene-1 -carboxylate. This was 
combined wrth ethyl acetate (30 ml) and washed wrth dilute brine (30 ml x 2) and saturated brine (20 ml) and dried over 
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The resultant oil was stirred 
together wrth a solution of 4<hloro-2-fluoroaniflne (0.55 g) in N.N-tfimehtytformamide (5 ml) at room temperature for 1 8 
hours The reaction mixture was combined wrth ice-water (100 ml) and ethyl acetate (1 00 ml) and partitioned. The ethyl 
acetate layerwas washed with water (80 ml x 2) and dried over anhydrous magnesium sulfate and then the solvent was 
distilled off. The residue was purified by silica gel chromatography (eluent : ethyl acetate/hexane = 1/4) and crystallized 
from disopropyl ether to yield emyl2-rN-(4-chloro-2-fluorophenyl)surfamoyO-1-cyclohexene-1-carooxylate (Compound 
9; 44 mg) as a colorless powdery crystals. 

% Calculated for C 15 H 17 CIFN0 4 S : C, 49.79; H, 4.74; N, 3.87 
% Found : C, 49.84; H, 4.76; N, 3.92 
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Example 8 



[0169] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (0.67 g) obtained in Reference Example 1 was dissolved in thio- 
nyl chloride (2.0 ml) and heated under reflux for 8 hours and then the reaction mixture was evaporated under reduced 

5 pressure to dryness. The procedure involving an addition of hexane (8 ml) followed by an evaporation under reduced 
pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (10 ml) and the resultant mixture was added to a mixture consisting of 4-mehtoxyaniline 
(0.37 g), triethylamine (0.42 mi) and ethyl acetate (4 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes 
and then at room temperature for 13 hours. The reaction mixture was diluted with ethyl acetate (60 ml) and washed with 

10 dilute brine (80 ml), a 1 0% aqueous solution of phosphoric acid (50 ml) and dilute brine (50 ml x 2) and dried over anhy- 
drous magnesium sulfate, and then the solvent was distilled off. The residue was purified by silica gel chromatography 
(eluent ethyl acetate/hexane = 1/2) and the effluent was concentrated to dryness and the residue was crystallized from 
ethyl acetate - diisopropyl ether to yield 2-(4-methoxyphenyl)-4,5 l 6 I 7-tetrahydro-1,2-benzoisothia2ole-3(2H)-one 1,1- 
dioxide (Compound 67, 40 mg) as colorless needle-like crystals. The mother liquor was concentrated and purified by 

is ODS column chromatography (eluent: methanol/water = 7/3) and then the effluent was concentrated under reduced 
pressure to yield ethyl 2-[N-(4-methoxypheny0sulfamoyI}-1-<^clohexene-1-carboxylate (Compound 8; 15 mg) as a 
colorless powder. 

Compound 8: 1 H-NMR (DMSO-oyS: 1.18 (3H, t, J=7.0Hz), 1.54, 1.56 (4H, br), 2.25 (4H, br), 3.72 (3H, s), 4.08 (2H, 
20 q, J=7.0Hz), 6.86 (2H, d, J=8Hz), 7.07 (2H, d, J=8Hz), 9.79 (1 H, brs). 

Compound 67: 1 H-NMR (CDCyfc 1.70-1.88 (4H, m), 2.41-2.60 (4H, m), 3.82 (3H, s) t 7.1 1 (2H, d, J=9.0Hz), 7.31 
(2H, d, J=9.0Hz). 

% Calculated for C 14 H 15 N0 4 S : C, 57.32; H, 5.15; N, 4.77 
% Found : C, 57.41; H, 5.01; N, 4.78 



[0170] Ethyl 2-sulfo-1-cyclohexene-1-carboxylate (0.83 g) obtained in Reference Example 1 was dissolved in thio- 
nyl chloride (2.4 ml) and heated under reflux for 8 hours and then the reaction mixture was evaporated under reduced 

30 pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by an evaporation under reduced 
pressure to dryness was repeated three times to yield ethyl 2-chlorosutfonyM-cyclohexene-1-carboxylate. This was 
combined with ethyl acetate (1 0 ml) and the resultant mixture was added to a mixture consisting of 2-fluoroanifine (0.40 
g), triethylamine (0.50 ml) and ethyl acetate (5 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes and 
then at room temperature for 14 hours. The reaction mixture was diluted with ethyl acetate (30 ml) and washed with 

35 water (30 ml). The ethyl acetate layer was washed with 0.5 N HCI (30 ml) and water (30 ml x 2). and dried over anhy- 
drous magnesium sulfate, and then the solvent was distilled off. The residue was purified by silica gel chromatography 
(eluent: ethyl acetate/hexane = 1/4) and then crystallized from diisopropyl ether to yield ethyl 6-[N-(2-fluorphenyl)sulfa- 
moyl)-1-cyclohexene-1-carboxylate (Compound 10; 303 mg) as colorless needle-like crystals. 

40 1 H-NMR (DMSO-de)8: 1 .07 (3H, t, J=7.2Hz), 1 .58-1 .82 (2H, m), 2.05-2.46 (4H, m), 4.01 (2H, q, J=7.2Hz), 4.32 (1 H, 
d, J=4.6Hz), 7.09-7.32 (4H, m), 7.44-7.54 (1H, m), 9.91 (1H, brs). 
% Calculated for C 15 H l8 FN0 4 S : C, 55.03; H, 5.54; N, 4.28 
% Found : C, 55.09; H, 5.44; N, 4.33 

45 Example 10 

[0171 ] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) obtained in Reference Example 1 was dissolved in thionyl 
chloride (3.0 ml) and heated under reflux for 14 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by an evaporation under reduced 

so pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (12 ml) and the resultant mixture was added to a mixture consisting of 3-fluoroaniline (0.48 
g), triethylamine (0.60 ml) and ethyl acetate (6 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes and 
then at room temperature for 25 hours. The reaction mixture was diluted with ethyl acetate (50 ml) and washed with 
water (50 ml) and 0.5 N HCI (50 ml) and water (50 ml x 2) and dried over anhydrous magnesium sulfate, and then the 

55 solvent was distilled off. The residue was purified by silica gel chromatography (eluent ethyl acetate/hexane = 1/3), and 
the first effluent was distilled off under reduced pressure and the residue was crystallized from diisopropyl ether to yield 
ethyl 6-[N-3-fluorophenyl]suflamoyl)-1 -cyclohexene-1 -carboxylate (Compound 11; 250 mg) as white powdery crystals. 
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J^SHzVS 87 ?1H 6> * VI ST it??!* 1 - 6 °- 1 - 80 (2H> m)> 2 0 °- 2 - 33 (4H ' "* < 2H « "4 4 ^ (1H. d. 

J=4.8Hz). 6.87 (1H, dt. J=8.4Hz, 2.2Hz), 7.00-7.17 (3H,m). 7.34 (1H, (ft. J=8.4Hz, 7.0Hz), 10.33 (1H brs) 

% Calculated for C 15 H 18 FN0 4 S : C, 55.03; H, 5.54; N, 4.28 

% Found : C, 55.09; H. 5.44; N, 4.33 

5 

Example 11 

MS?, w 2 'n t " f0 : 1 ' ■ c y c,ohexene - 1 -carboxylate (0.72 g) obtained in Reference Example 1 was dissolved In thio- 
ny. chlonde (2.1 ml) and heated under reflux for 5 hours and then the reaction mixture was evaporated mZ reduced 

pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-l-cy^hexene-Tcarboxylate This was 
combined wth ethylacetate (1 0 ml) and the resutent ^m.^*7^„^lE22EZZ 

ttn ^Z^nl ^ ***** (4 ml) ^^""^ and »•» ^ed ^""9 for 30 mCes ana 

then at room temperature for 40 hours. The reaction mixture was diluted with ethyl acetate (30 ml) and washed w?th 

15 SSSSifT (30 H m,) and water (3 ° ml * 2) 80(1 dried wer anhydrous rssss 

thpt^T ff °r \? ! T*" pUrified * si,ica 9 61 Chromatography (eluent ethyl acetate/hexane = 1/4) and 
to M effluent was drsbHed off under reduced pressure and the residue was crystallized f rem diisopropy! ether to yfeld 

» £ T!" T ent 3lS0 tf,Sti,,ed 0ff Under reduced P~* the resultant residue was crys^- 

^t^JSLT, V ? PTOPyl 6ther t0 ° btain WhW P0Wdery Crystels - This ^ P urified ^ ODS cotumn 
chre^hraphy (eluent methanolAvater = 7/3). and the effluent was concentrated under reduced pressure to precip^ 

2JL? t " P""" r d,e - nke ^ m0ther B < uor obtainea'whTn the first effluent 

25 SSSS ? ^ ff ' d,,SOprOPyl 6ther Concentrated under educed Pressuro and then purified by 
22 1 ~T e ?™?* a **V < e,uent ">ethanol/water= 7/3) to yield ethyl 2-[N-(4-fluorophenyl)sutfamoyl)- 1 ^yclohex 
ene-1-carooxylate (Compound 18; 25 mg) as colorless powdery crystals. -cycionex 

ST^Sh 1 ^ 'SJII? 1,14 (3H ' *• J=72H2) ' 1 - 55 " 1 ' 77 < 2H ' m >' 1 - 98 - 244 ( 4H - 3-97-4.13 (2H, 

m), 4.28 (1 H. d, J=4.2Hz), 7.1 0-7.28 (5H, m), 1 0.03 (1 H, brs) 

30 % Calculated for C 15 H 18 NO„S : C, 55.03; H, 554; N, 4.28 

% Found : C, 54.69; H, 5.43; N, 4.38 

^%% H m%"^%^ (3H " % **** 154 m br) ' 225 (4H - b * 411 (2H - * J = 7 ^ 

% Calculated for C 15 H 18 N0 4 S : C, 55.03; H, 5.54; N, 4.28 
35 % Found : C, 55.07; H. 5.35; N, 4.33 

Compound 68: 1 H-NMR (DMSO^S: 1.75-1.88 (4H, m), 2.42-264 (4H, m). 7.40-7.49 (4H m) 
% Calculated for C^H^FNOgS : C. 55.51 ; H. 4.30; N, 4.98 
% Found : C, 55.44; H, 4.24; N, 4.94 

40 Example 12 

SSL n ^ 2 - s *- 1 -^ c,ohexene -1-«*oxylate (1.0 g) obtained in Reference Example 1 was dissoted in thionyl 
2S2LK^ 3 d ° nder ref ' UX f ° r 12 h0Uns and ,hen me reaction mixture *" ««porated under reduced 

45 ZZZ H 0 " 1688 ' 6 Pr0C6dUre lnV0Mng an additlon of hexane < 1 0 m '> followed b V <"< evaporation unde reS 
S „ , h °Tf ^ reF>ea,ed three times to y ieW e«hyi 2^h.or OS utfony.-1-cyclohexeneTcarboxylate. Tnte^s 
( n 4 8 " d mbrtUre — added to a consisting of 2.6- tfl f,uoreanZe 

i h! 9) ' ^. ethylamme < a60ml ) and eth y' acetate (6 ml) with ice-cooling, and then stirred with iceioolingforSO minutes 

water (1 00 ml). The ethyl acetate layer was washed with 0.5 N HCI (1 00 ml x 2) and a dilute brine (1 00 mix 3) and dried 
so over anhydrous magnesium suifate. and then the solvent was distilled off. The residue was puJied tTiSS 

e rS" T? e/hexane = 1/3) and then ,rom difeoprop y ether » v eid 

luorephenyl^urfamoyO-l-cyclohexene-l^arboxylate (Compound 13; 1 35 mg) as colorless powdery crystals. 

» 4 H 39 N MH 7352? 7 0°? SSiS 70 *>' 1 - 59 - 168 < 2H ' "* (4H. m). 397 (2H. dq. J= 7.0Hz. 1.4Hz). 

V? . .' • J=5 0Hz )> 7.07-7.25 (3H. m). 7.34-7.50 (1 H, m). 9.70 (1 H, brs). 
% Calculated for C 15 H 17 F 2 N0 4 S : C. 52.1 7; H. 4.96; N. 4.06 
% Found : C. 51 .76; H, 4.88; N, 4.04 



52 




EP 1 063 228 A1 




Example 13 



[0174] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) obtained In Reference Example 1 was dissolved in thionyl 
chloride (3.0 ml) and heated under reflux for 9 hours and then the reaction mixture was evaporated under reduced pres- 

5 sure to dryness. The procedure involving an addition of hexane (1 0 ml) followed by an evaporation under reduced pres- 
sure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (14 ml) and the resultant mixture was added to a mixture consisting of 2,3-difluoroanifine 
(0.56 g), triethylamine (0.60 ml) and ethyl acetate (6 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes 
and then at room temperature for 15 hours. The reaction mixture was diluted with ethyl acetate (B0 ml) and washed with 

10 water (1 00 ml). The ethyl acetate layer was washed with 1 N HCI (1 00 ml x 2) and dilute brine (1 00 ml x 3) and dried 
over anhydrous magnesium sulfate, and then the solvent was distilled off. The residue was purified by silica gel chro- 
matography (eluent ethyl acetate/hexane = 1/4) and then crystallized from diisopropyl ether to yield ethyl 6-[N-(2,3-dif- 
luorophenyl)sulfamoyt]-1 -cyclohexene-1 -carboxylate (Compound 14; 310 mg) as colorless powdery crystals. 

is 1 H-NMR (DMSO-oyS: 1 .1 0 (3H, t, J=7.0Hz), 1 .58-1 .83 (2H, m), 1 .98-Z43 (4H, m), 4.02 (2H, q, J=7.0Hz), 4.38 (1 H, 
d, J=4.4Hz), 7.13-7.36 (4H, m), 10.22 (1H, s). 
% Calculated for C l5 H 17 F 2 N0 4 S : C, 52.17; H, 4.96; N. 4.06 
% Found : C, 52.18; H, 4.88; N, 4.1 1 

20 Example 14 

[0175] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) obtained in Reference Example 1 was dissolved in thionyl 
chloride (3.0 ml) and heated under reflux for 24 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by an evaporation under reduced 

25 pressure to dryness was repeated three times to yield ethyl 2-chlorosurfonyl-1 -cyclohexene-1 -carboxylate. This was 
combined with ethyl acetate (14 ml) and the resultant mixture was added to a mixture consisting of 2,5-difluoroaniline 
(0.56 g), triethylamine (0.60 ml) and ethyl acetate (6 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes 
and then at room temperature for 22 hours. The reaction mixture was diluted with ethyl acetate (B0 ml) and washed with 
water (100 ml). The ethyl acetate layer was washed with 1 N HCI (100 ml x 2) and dilute brine (100 ml x 3) and dried 

30 over anhydrous magnesium sulfate, and then the solvent was distilled off. The residue was purified by silica gel chro- 
matography (eluent ethyl acetate/hexane = 1/4) and then crystallized from diisopropyl ether to yield ethyl 6-[N-(2,5-dif- 
luorophenyl)surfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 15; 200 mg) as colorless powdery crystals. 

1 H-NMR (DMSO-cyS: 1 .13 (3H, t, J=7.0Hz), 1 .58-1 .82 (2H t m), 2.05-2.43 (4H, m), 4.04 (2H, q, J=7.0Hz), 4.38 (1 H, 
35 d, J=3.6Hz), 6.95-7.07 (1 H, m), 7.1 3-7.1 8 (1 H, m), 7.25-7.39 (2H, m), 1 0.24 (1 H, brs). 
% Calculated for C 15 H 17 F 2 N0 4 S : C, 52.17; H, 4.96; N, 4.06 
% Found : C, 52.23; H, 4.86; N, 4.11 



[0176] Ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) obtained in Reference Example 1 was dissolved in thionyl 
chloride (3.0 ml) and heated under reflux for 23 hours and then the reaction mixture was evaporated under reduced 
pressure to dryness. The procedure involving an addition of hexane (10 ml) followed by evaporation under reduced 
pressure to dryness was repeated three times to yield ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxylate. This was 

45 combined with ethyl acetate (14 ml) and the resultant mixture was added to a mixture consisting of 3,4-difluoroaniline 
(0.56 g), triethylamine (0.60 ml) and ethyl acetate (6 ml) with ice-cooling, and then stirred with ice-cooling for 30 minutes 
and then at room temperature for 21 hours. The reaction mixture was diluted with ethyl acetate (80 ml) and washed with 
water (1 00 ml). The ethyl acetate layer was washed with 1 N HCI (1 00 ml x 2) and dilute brine (1 00 ml x 3) and dried 
over anhydrous magnesium sulfate, and then the solvent was distilled off. The residue was purified by silica gel chro- 

50 matography (eluent ethyl acetate/hexane = 1/4) and then crystallized from diisopropyl ether to yield ethyl 6-[N-(3,4-dif- 
luorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 16; 170 mg) as colorless powdery crystals. 

1 H-NMR (DMSO-deJS: 1.16 (3H, t, J=7.0Hz), 1 .58-1 .80 (2H, m), 1 ,98-£42 (4H, m), 3.99-4.15 (2H, m), 4.34 (1H, d, 
J=3.6Hz), 6.96-7.04 (1H, m), 7.13-7.29 (2H, m), 7.41 (1H, dt, J=10.6Hz, 9.0Hz), 10.29 (1H, brs). 
55 % Calculated for C 15 H 17 F 2 N0 4 S : C, 52.1 7; H, 4.96; N, 4.06 
% Found : C, 52.29; H, 4.78; N, 4.04 
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Example 16 

10177] 



10 



15 



pressure to dryness. The procedure involvino a„ ! T m,XtUre eva P^ted under reduced 

pressure «o dryness was repeated ^taL to 22 H JT" °°. ""J fo,,0Wed * ^P 0 ^ 0 " under re <^ 
combined with ethyl acetate (14 ml) a^d tn^l^t ^ ^te^ulfonyM^yclohexene-l^rboxylate. This was 
(0.569), W-wfcmh. (O6oi WJSI^^TSSIT r^*- ! n * dU " ~ l,,,nB -3*«»«-nSS 
and then at mom temperature for 21 houreTe 2„ Tj, *™° 0h J m * then ^ ^-cooling for 30 minutes 



20 Example 17 
[0178] 



25 



30 



N^o -105.7° (c=0.5, in methanol) 

M^d +105.9° (c=0.5, in methanol) 
<5 Example 18 

sure to dryness. The procedure involving an adZn S Sine Mo SZEZZ " Wtad U " der reduced en- 
sure to dryness was repeated thrae Le to Teld , °^ byan eva P° ratto " ""^reduced pres- 
combined with ethyl acetate (20 ml) and thTrirCn^^ ™« "as 

(1 -42 g), triethylamine (1.20 ml) and ethyl acaSe T" 10 8 miXtUre con " ,Bn » of anthranylate 

"es and then at mom temperature for^^^ 

with water (100 mi). 1 N HC. (100 ml x 2 SdKSSES x ^ndl (8 ° m,) and **- 

and then the solvent was distilled off. The residue wsnurifilS hTlin > , k W6r anhyQrous ma 9 n «ium suffate. 
ane = 1/4) and then crystaifeed from Zp oX^to ^^S^TT* 9 ^ 
cyclohexene-1-camoxylate (Compound 21; 0.44 JL eotertL EjJ? HN-(2-ethoxycarbony^henyl)sulfa^i. 
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1 H-NMR (d 6 -DMSO)5: 1.12 (3H, t, J=7.2Hz), 1.35 (3H, t, J=7.2Hz), 1.62-1.84 (2H, m), 1.92-2.35 (4H f m), 3.85-4.10 
(2H, m), 4.35 (2H, g, J=7.2Hz), 4.50 (1 H, d, J=4.2Hz), 7.15-7.23 (2H t m), 7.60-7.72 (2H, m), 8.01 (1 H, d, J=8.0Hz), 
10.42 (1H,s). 

% Calculated for C^H^NOgS : C, 56.68: H t 6.08; N, 3.67 



[0182] To a solution of ethyl 6-[N-{2,4-difluoropheny0sulfamoyl]-1-cycl^^ (Compound 3, 

10 300mg) obtained in Example 3 in methanol (6 ml), concentrated sulfuric acid (0.4 ml) was added and the mixture was 
stirred under reflux for 8 days. The reaction mixture was concentrated under reduced pressure and diluted with ethyl 
acetate (30 ml) and washed with water (30 ml). The ethyl acetate layer was washed with water (30 ml x 2) and dried 
over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was purified 
by silica gel chromatography (eluent ethyl acetate/hexane = 1/5 -» ethyl acetate/hexane = 1/2) and then crystallized 
is from diisopropyl ether to yield methyl 6-[N-(2,4-difluoropheny1)sulfamoyr|-1 -cyclohexene-1 -carboxylate (Compound 22; 
95mg) as colorless powdery crystals. 

1 H-NMR(d6-DMSO)8: 1.58-1.82 (2H, m), 1.98-2.42 (4H, m), 3.56 (3H, s), 4.30 (1H, d, J=4.6Hz), 7.05-7.15 (2H, m), 
7.28-7.55 (2H, m), 9.85 (1H, s). 
20 ' ^Calculated for C 14 H 15 N0 4 S : C, 50.75; H, 4.56; N, 4.23 
% Found : C, 50.79; H, 4.49; N, 4.07 



25 [0183] To a solution of ethyl 6-[N-(2,4-dffluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 3, 300 
mg) obtained in Example 3 in 1-propanol (6 ml), concentrated sulfuric acid (0.3 ml) was added and the mixture was 
stirred under reflux for 50 hours. The reaction mixture was concentrated under reduced pressure and diluted with ethyl 
acetate (30 ml) and washed with water (30 ml). The ethyl acetate layer was washed with water (30 ml x 2) and dried 
over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was subjected 

30 to silica gel chromatography (eluent ethyl acetate/hexane = 1/5) and desired fractions were concentrated under 
reduced pressure. The residue was purified by column chromatography on octadecylsilica (ODS) (eluent metha- 
notfwater = 4/1) and then crystallized from diisopropyl ether to yield propyl 6-tN-(2,4-dffluorophenyl)sulfamoyl]-1- 
cyclohexene-1 -carboxylate (Compound 23, 60 mg) as colorless crystals. 

35 1 H-NMR (d 6 -DMSO)5: 0.79 (3H, t, J=7.4Hz). 1 .38-1 .82 (4H, m), 2.02-2.45 (4H, m), 3.91 (2H, t, J=6.4Hz), 4.27 (1 H, 
d, J=4.8Hz), 7.05-7.12 (2H, m), 7.28-7.53 (2H, m), 9.86 (1H, s). 
% Calculated for C 16 H 19 F 2 N0 4 S : C, 53.47; H, 5.33; N, 3.90 
% Found : C, 53.01 ; H, 5.34; N, 3.63 

40 Example 21 

[0184] To a solution of ethyl 6-[N-(4-chloro-2-fluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate obtained in 
Example 1 (Compound 1, 250 mg) in methanol (5 ml), concentrated sulfuric acid (0.2 ml) was added and the mixture 
was stirred under reflux for 8 days hours. The reaction mixture was concentrated under reduced pressure and diluted 

45 with ethyl acetate (30 ml) and washed with water (30 ml). The ethyl acetate layer was washed with water (30 ml x 2) 
and dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was 
subjected to silica gel chromatography (eluent ethyl acetate/hexane = 1/4) and desired fractions were concentrated 
under reduced pressure. The residue was purified by an ODS column chromatography (eluent methanol/water = 4/1) 
and then crystallized from diisopropyl ether to yield methyl 6-[N-(4-chloro-2-fluorophenyl)sulfamoyl]-1 -cyclohexene-1 - 

so carboxylate (Compound 24, 58 mg) as colorless prism-like crystals. 

1 H-NNR (d6-DMSO)5: 1.58-1.82 (2H, m), 1.98-2.44 (4H, m), 3.56 (3H, s), 4.34 (1H, br), 7.14 (1H, br), 7.25-7.50 
(3H t m), 10.04 (1H, brs). 

% Calculated for C 14 H 15 CIFN0 4 S : C, 48.35; H, 4.35; N, 4.03 
55 % Found : C, 48.27; H, 4.43; N, 4.08 



5 



% Found : C, 56.56; H, 6.05; N, 3.68 
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10 



15 



[01 85] To a solution of ethvl 6-rw t? am 



Example 23 
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30 



35 



iS^T^^S—^: 



Example 24 



1 H-NMR (cfe-DMS0)5: 1 08 teH t t -r^ * - 



Example 25 
SO [0188] 
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Example 26 



[0189] By the procedure similar to that employed In Example 23, ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) 
obtained in Reference Example 1 was derived to ethyl 2-chlorosutfonyM -cyclohexene-1 -carboxylate and reacted with 
5 2-chloro-4-fluoroaniline (0.62 g) to yield ethyl 6-[N-(2-chloro-4-fluoropheny1)sulfamoyl]-1 -cyclohexene-1 -carboxylate 
(Compound 29; 0.35 g) as white crystals. 

1 H-NMR (oVDMSO)5: 1 .05 (3H, t, J=7.0Hz), 1 .52-1 .83 (2H, m) p 1 .98-2.46 (4H, m), 4.00 (2H, q, J=7.0Hz), 4.29 (1 H, 
d, J=4.8Hz), 7.10 (1H, br) ( 7.20-7.30 (1H, m) t 7.49-7.58 (2H, m), 9.80 (1H, s). 
10 % Calculated for C 15 H 17 CIFN0 4 S : C, 49.79; H, 4.74; N, 3.87 
% Found : C. 49.74; H, 4.76; N, 3.98 



75 [01 90] By the procedure similar to that employed in Example 23, ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) 
obtained in Reference Example 1 was derivatized to ethyl 2-chlorosuifonyI-1 -cyclohexene-1 -carboxylate which was 
then reacted with p-chloroaniline (0.54 g) to yield ethyl 6-[N-(4-chlorophenyl)suifamoyl]-1 -cyclohexene-1 -carboxylate 
(Compound 30; 0.24 g) as white crystals. 

20 ' 1 H-NMR (dg-DMSOJS: 1.15 (3H, t, J=7.0Hz), 1.51-1.78 (2H, m), 1.95-2.20 (4H, m), 3.96-4.13(2H, m), 4.32 (1H, d, 
J=4.0Hz), 7.13 (1H, t, J=4.0Hz), 7.20-7.24 (2H, m), 7.34-7.39 (2H, m), 10.17 (1H, s). 
% Calculated for C 13 H 18 C!N0 4 S : C, 52.40; H, 5.28; N, 4.07 
% Found : C, 52.33; H, 5.1 1 ; N, 3.87 

25 Example 28 

[01 91 ] By the procedure similar to that employed in Example 23, ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) 
obtained in Reference Example 1 was derived to ethyl 2-chiorosulfonyl-1 -cyclohexene-1 -carboxylate which was then 
reacted with 2,3,4-trifiuoroaniline (0.63 g) to yield ethyl 6-[N-(2,3,4-trifluorophenyl)sulfamoyO-1 -cyclohexene-1 -carboxy- 
30 late (Compound 31 ; 0.36 g) as white crystals. 

1 H-NMR (de-DMSO)5: 1.11 (3H, t, J=7.0Hz), 1 .54-1 .86 (2H, m), 1 .95-£48 (4H, m), 4.03 (2H, q, J=7.0Hz), 4.34 (1 H, 
d, J=4.4Hz), 7.13 (1H, br), 7.29-7.35 (2H, m), 10.15 (1H, s). 
% Calculated for C 15 H 16 F 3 N04S : C, 49.58; H, 4.44; N, 3.85 
35 % Found : C. 49.51 ; H, 4.35; N, 3.76 



[0192] To a solution of ethyl 6-[N-(2,4-difiuorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate obtained in Example 
40 3 (Compound 3, 200 mg) in isobuty! alcohol (4 ml), a concentrated sulfuric acid (0.2 ml) was added and the mixture was 
stirred at 80 to 85°C for 7 days. After cooling, the reaction mixture was diluted with ethyl acetate (80 ml) and washed 
with water (50 ml). The ethyl acetate layer was washed with 5% aqueous solution of sodium bicarbonate (50 ml) and 
water (50 ml x 2), dried over anhydrous magnesium sulfate and then evaporated under reduced pressure to dryness. 
The residue was purified by silica gel chromatography (eluent: ethyl acetate/hexane = 1/4) and then crystallized from 
45 dfisopropyl ether to yield isobutyl 6-[N-(2,4-difluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 32; 35 
mg) as white crystals. 

1 H-NMR (dg-DMSOJS: 0.80 (6H, d, J=6.8Hz), 1.58-1.84 (2H, m), 2.00-2.47 (4H, m), 3.35-3.45 (1H, m), 3.75 (2H, d, 
J=6.8Hz), 4.27 (1H, d, J=4.8Hz), 7.03-7.13 (2H, m), 757-7.53 (2H, m), 9.85 (1H, s). 
so % Calculated for C 17 H 21 F 2 N0 4 S : C, 54.68; H, 5.67; N, 3.75 
% Found : C. 54.64; H, 5.49; N, 3.78 



55 [0193] To a solution of ethyl 6-[N-(2,4-difluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate obtained in Example 
3 (Compound 3, 180 mg) in 1-butanol (5 ml), a concentrated sulfuric acid (0.12 ml) was added and the mixture was 
stirred at 80 to 85°C for 7 days. After cooling, the reaction mixture was diluted with ethyl acetate (60 ml) and washed 
with water (60 ml). The ethyl acetate layer was washed with water (60 ml x 5), dried over anhydrous magnesium sulfate 
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and then evaporated under reduced Dressuw ^ h„ 

Example 31 
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Example 32 
[0195J 
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% Found : C f 47.67; H, 4.59; N, 3.89 
Example 33 
[0196] 
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50 



tate/hexane = 14) aS,!L, ^' dUe P urified * column chrornato^T ? d,hesolvent Wf * distilled 
A Found • C, 58.12; H, 5.93; N, 4.10 
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1 H-NMR (d 6 -DMSO)5: 1.16 (3H, t, J=7.0Hz), 1.54-1.81 (2H, m), 1.94-2.38 (4H, m), 4.00-4.15 (2H, m), 4.36 (1H, d, 
J=4.4Hz), 7.07 (1H, br), 7.1 1-7.37 (4H, m), 10.29 (1H, s). 
% Calculated for C 15 H l8 CIN0 4 S : C, 52.40; H, 5.28; N, 4.07 
% Found : C. 52.44; H, 5.21; N, 4.32 



[0198] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1-cyclohexene-1-carboxy- 
iate (0.42 g) obtained in Reference Example 2 was reacted with 2,3-dlhloroaniline (0.35 g) to yield ethyl 6-[N-(2,3- 
dichlorophenyl)suffamoyl]-1-cyclohexene-1-carboxylate (Compound 38; 0.23 g) as white crystals. 

1 H-NMR (d 6 -DMSO)5: 1.08 (3H, t, J=7.0Hz), 1 .55-1 .86 (2H, m), 1 .97-2.46 (4H. m), 4.01 (2H, q, J=7.0Hz), 4.36 (1H, 
d, J=4.8Hz), 7.13 (1H, br), 7.32-7.56 (3H, m), 9.87 (1H, s). 
% Calculated for C 15 H 17 Cl2N0 4 S : C, 47.63; H, 4.53; N, 3.70 
% Found : C, 47.43; H, 4.33; N, 4.02 



[0199] By the procedure similar to that employed in Example 23, ethyl 2-sulfo-1 -cyclohexene-1 -carboxylate (1 .0 g) 
obtained in Reference Example 1 was derived to ethyl 2^hlorosulfonyl-1 -cyclohexene-1 -carboxylate which was then 
reacted with o-ethylaniline (0.52 g) to yield ethyl 6-[N-(2-ethylphenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Com- 
pound 39; 0.20 g) as white crystals. 

1 H-NMR (d 6 -DMSO)8: 1 .06 (3H, t, J=*7.0Hz), 1 .1 6 (3H, t, J=7.6Hz), 1 .52-1 .86 (2H, m), 1 .99-2.50 (4H, m), 2.72 (2H, 
q, J=7.6Hz), 4.01 (2H, q, J=7.0Hz), 4.39 (1H, d, J=4.8Hz), 7.10 (1H, br), 7.16-7.38 (4H, m), 9.18 (1H, s). 
% Calculated for C^H^NC^S : C, 60.51 ; H, 6.87; N, 4.15 
% Found : C, 60.15; H, 6.70; N, 4.10 



[0200] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxy- 
late (0.42 g) obtained in Reference Example 2 was reacted with 4-(2H-1 ,2,3-triazol-2-yl)aniline (0.35 g)to yield ethyl 6- 
[N-[4-(2H-1,2 f 3-triazol-2-yl)phe (Compound 40; 0.48 g) as white crystals. 

1 H-NMR (d 6 -DMSO)6: 1.15 (3H, t, J=7.0Hz), 1.55-1.80 (2H, m), 2.02-Z44 (4H, m), 4.00-4.15 (2H, m), 4.38 (1H, d, 
J=4.4Hz) f 7.15 (1H, br), 7.39 (2H, d, J=9.2Hz), 7.96 (2H, d, J=9.2Hz), 8.08 (2H, s), 10.29 (1H, s). 
% Calculated for C^H^C^S : C, 54.24; H, 5.36; N, 14.88 
% Found : C, 54.38; H, 5.10; N, 15.01 



[0201] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxy- 
late (0.41 g) obtained in Reference Example 2 was reacted with 2,5-dihloroaniline (0.34 g) to yield ethyl 6-[N-(2,5- 
dichlorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 41; 0.21 g) as white crystals. 

1 H-NMR (d 6 -DMSO)6: 1.10 (3H, t, J=7.0Hz), 1 .57-1.85 (2H, m), 1.96-2.45 (4H, m), 4.04 (2H, q, J=7.0Hz), 4.36 (1H, 
d, J=4.4Hz), 7.15 (1H, br), 7.25-7.31 (1H, m), 7.51-7.59 (2H, m), 9.90 (1H, s). 
% Calculated for C 15 H 17 Cl2N0 4 S : C, 47.63; H, 4.53; N, 3.70 
% Found : C, 47.75; H, 4.66; N, 3.80 



[0202] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxy- 
late (0.40 g) obtained in Reference Example 2 was reacted with 2-trifluoromethoxyaniline (0.37 g) to yield ethyl 6-[N-(2- 
trifluoromethoxyphenyl)sulfamoyl]-1-cydohexene-1 -carboxylate (Compound 42; 316 mg) as colorless powdery crys- 
tals. 

1 H-NMR (d 6 -DMSO)8: 1.10 (3H, t, J=7.0Hz), 1 .54-1 .80 (2H, m), 2.00-2.51 (4H, m), 4.04 (2H, q, J=7.0Hz), 4.38 (1 H, 
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d, 0=5.282), 7.13-7.40 (4H, m). 7.59-7.64 (1H, m), 10 .02 (1H s) 

I ^ teU JT ,0rCl6Hl8F 3 N °5 S : C. 48.85; H, 4 6V N 3 56 
% Found : C, 48.92; H, 4.62; N, 3.81 ' 

s Example 40 



10 



% Found : C. 49.83; H, 4.32; N. 4.01 ' 
Example 41 



Example 42 
[0205) 



45 



5a 



% Found ; C, 53.67; H, 5.61 ; N, 3.97 
Example 43 

% Found : C, 56.33; H, 5.90; N. 3.93 
Example 44 

^ 
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Example 45 



[0208] By the procedure similar to that employed in Example 33, ethyl 2-chlorosutfonyM -cyclohexene-1 -carboxy- 
late (0.40 g) obtained in Reference Example 2 was reacted with 4-(1 H-tetrazol-1 -yl)ani1ine (0.33 g) to yield ethyl 6-[N- 
[4-(1 H-tetrazol-1 -y0phenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylase (Compound 48; 0.45 g) as white crystals. 

1 H-NMR (d 6 -DMSO)5: 1.17 (3H, t, J=7.0Hz), 1.56-1.83 (2H, m) f 1.98-2.46 (4H, m), 3.99-4.16 (2H, m), 4.41 (1H, d, 
J=4.2Hz), 7.17 (1H t br), 7.42 (2H, d, J=9.0Hz), 7.85 (2H, d, J=9.0Hz), 10.01 (1H, s), 10.45 (1H, s). 
% Calculated for C 16 H 19 N 5 0 4 S : C, 50.92; H, 5.07; N, 1 8.56 
% Found : C, 50.86; H, 5.12; N, 18.47 



[0209] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxy- 
late (0.39 g) obtained in Reference Example 2 was reacted with 4-(1 H-1 ,2,3-triazoM -yl)aniline (0.36 g) to yield ethyl 6- 
[N-[4-(1H-1 ,2,3-triazoM -yl)phenyl)surfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 49; 0.41 g) as white crystals. 

1 H-NMR (d6-DMSO)5: 1.17 (3H f t, J=7.0Hz), 1.57-1.82 (2H, m), 1.98-Z41 (4H f m), 4.02-4.12 (2H, m), 4.40 (1H, d, 
J=4.6Hz), 7.16 (1H, br), 7.40 (2H, d, J=8.BHz), 7.84 (2H, d, J=8.8Hz), 7.93 (1H, s), 8.73 (1H, s), 10.34 (1H, s). 
% Calculated for C 17 H 20 N 4 O 4 S : C, 54.24; H, 5.36; N, 14.88 
% Found : C, 54.35; H, 5.37; N, 14.96 



[0210] By the procedure similar to that employed in Example 33, ethyl 2-chlorosulfonyl-1 -cyclohexene-1 -carboxy- 
late (0.37 g) obtained in Reference Example 2 was reacted with 2-trifluoromethylaniline (0.31 g) to yield ethyl 6-[N-(2- 
trifluoromethylphenyl)surfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 50; 0.17 g) as colorless oil. 

1 H-NMR (de-DMSOJS: 1 .08 (3H, t, J=7.0Hz), 1 .54-1 .87 (2H, m), 1 .99-2.42 (4H, m), 4.03 (2H, q, J=7.0Hz), 4.49 (1 H, 
d, J=5.0Hz), 7.15 (1H, br), 7.44-7.52 (1H, m), 7.64-7.70 (3H, m), 9.53 (1H. s). 
MS(m/z); 378 (MH*) 



[0211] By the procedure similar to that employed in Example 33, ethyl 2-chlorosuffonyl-1 -cyclohexene-1 -carboxy- 
late (0.41 g) obtained in Reference Example 2 was reacted with methyl p-aminobenzoate (0.32 g) to yield ethyl 6-[N-(4- 
methoxycarbonylphenyl)sulfamoyl]-1 -cyclohexene- 1 -carboxylate (Compound 51 ; 0.46 g) as white crystals. 



[0212] To a solution of sodium 6-[N-(2,4-difluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (80 mg) obtained 
in Reference Example 12 in N,N-dimethylformamide (1 ml), benzylbromide (50 mg) was added with ice-cooling, and the 
mixture was stirred at 0°C for 4 hours and then at room temperature for 1 7 hours. The reaction mixture was poured onto 
water (20 ml) and extracted with ethyl acetate (20 ml). The ethyl acetate layer was washed with water (20 ml x 2) and 
dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was 
purified by chromatography on silica gel (eluent ethyl acetate/hexane = 1/4) and crystallized from diisopropyl ether to 
yield benzyl 6-[N-(2,4-difluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate (Compound 52, 1 4 mg) as white powdery 
crystals. 

1 H-NMR (oVDMSO)8: 1.55-1 .83 (2H, m), 1.98-2.44 (4H, m), 4.30 (1H t d, J=4.2Hz). 5.00 (1 H, d, J=13Hz), 5.11 (1H, 
d, J=13Hz), 6.93-7.04 (1H, m), 7.17 (1H, t, J=4Hz), 7.24-7.51 (7H, m), 9.88 (1H, s). 
% Calculated for C 20 H 19 F 2 NO 4 S : C, 58.96; H, 4.70; N, 3.44 
% Found : C, 58.67; H, 4.70; N, 3.49 



Example 46 



Example 47 



Example 48 



1 H-NMR (de-DMSO)5: 1.14 (3H, t, J=7.0Hz), 1.56-1.85 (2H, m), 1.99-2.40 (4H, m) t 3.83 (3H. s), 3.96-4.13 (2H, m), 
4.42 (1H, d, J=2.2Hz), 7.17 (1H, br), 7.31 (2H, d, J=8.8Hz), 7.90 (2H, d, J=8.8Hz), 10.54 (1H, s). 
% Calculated for C^hfeiNOeS : C, 55.57; H, 5.76; N, 3.81 
% Found : C, 55.69: H, 5.61 ; N, 3.97 



Example 49 
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Example 50 

[0213J 

late (0 

(0.71 g) to yield ethyl 



P.71 g, ,0 yield ethyl 9WHHM%Z££^^ 

late (Compound 53; 492 mg) as a p 2^^ aUammn ^ e ^^^oyi] -1-cyclohexene-l^rbo^! 

J ^2HZ,. 8.60 (1H. t. J" < 1H ' «• ™ ». * J-H^Vi « 

i ? ^ ^ C ^ N 40 8 S : C. 55.84 H, 6.94 N g es ^ 
% Found : C. 55 55>- h aqcm a,. ' ' ™' 



% Found : C, 55.52; H, 6.95; N, 9.42 
Example 51 



25 



J=1.8Hz), 9.96 (1H, s). 1 ' ^ 7 71 (1H ' * J=8 - 4Hz >. 7 -88 (1H. dd. J=8.4H 2 , 1.8H 2 ), 7 97 (1H J 

% CatoulatedforC^H^INOeS : C, 50.81; H, 5 02- N 349 
% Found : C, 50.79; H. 4.98; N. 3.45 ' 



Example 52 



30 



Example 53 



40 [0216] 

in 



50 



the mixture was stirred a, room rm^SS^^^?^ (81 m 9> — •» i=e-coi.in g and 

nate (30 ml) and saturated brine (30 ml) and dried ov« l^ % aqU °° US solution of sodlum "fcarbo- 
under reduced pressure. The residue was puffled ^TOr^n^ 9 ^ ^ and *■ solventwas «*"*»«* 
and crystallized from diisopropyi etherto yteJS^^S^ °" S " ,Ca 96 ' (e,U6nt: eth >" acatatemexane = 1/1) 
boxylate (Compound 56. 35 mg) as whLC^^ 

SK;SS 3 * ™ « * « * - OH d 



Example 54 
[0217] 
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white crystals. 

1 H-NMR (d 6 -DMSO)5: 1 .08 (3H, t, J=7.0Hz), 1 .50-1 .69 (2H, m), 1 .86-2.44 (4H, m), 4.00 (2H, q, J=7.0Hz), 4.32 (1 H, 
d. J=4.4Hz), 7.10 (1H, br), 7.38-7.47 (1H, m), 7.60 (1H, dd, J=9.2Hz, 3.0Hz), 7.70 (1H, dd, J=9.2Hz, 5.4Hz), 8.30 
5 (1H, s), 8.99 (1H, s), 9.64 (1H, s). 

% Calculated for C 17 H 19 FN 4 0 4 S : C, 51 .77; H, 4.86; N, 14.20 
% Found : C, 51 .51 ; H, 5.01 ; N, 1 4.06 

Example 55 

10 

[0218] A solution of ethyl 2-chlorosulfonyM -cyclopentene-1 -carboxylate (0. 1 4 g) obtained in Reference Example 3 
in ethyl acetate (2 ml) was added to a mixture of 2,4-difiuoroaniIine (0.1 g), triethylamine (0.17 ml) and ethyl acetate (2 
ml) with ice-cooling, and the mixture was stirred at room temperature for 5 hours. The reaction mixture was diluted with 
ethyl acetate (30 ml) and washed with water (30 ml). The ethyl acetate layer was washed with 0.5 N HCI (30 ml x 2) and 

is saturated brine (30 ml) and dried over anhydrous sodium sulfate and then the solvent was distilled off. The residue was 
subjected to flash column chromatography on silica gel (eluent ethyl acetate/hexane = 1/5) and the solvent in the first 
effluent was distilled off to yield ethyl 2-{N-(2,4-difluorophenyl)sulfamoyl]-1-cyclopentene-1 -carboxylate (Compound 66, 
1 6.2mg) as a brown oil. After distilling the solvent in the second effluent off, the residue was crystallized from diisopropyl 
ether to yield ethyl 5-[N-(2,4-difluorophenyl)suffamoyl]-1 -cyclopentene-1 -carboxylate (Compound 58, 22.8 mg) as 

20 colorless powdery crystals. 

Compound 58: 1 H-NMR (oVDMSO)5: 1.14 (3H, t, J=7.0Hz), 2.26-2.74 (4H, m), 4.06 (2H, q, J=7.0Hz), 4.50 (1H, d, 
J=8.0Hz), 7.02-7.13 (2H, m), 7.24-7.52 (2H, m), 9.79 (1H, s). 
% Calculated for C 14 H 15 F 2 N0 4 S : C, 50.75; H, 4.56; N, 4.23 
25 % Found : C, 50.64; H, 4.51 ; N, 4.15 

Compound 66: 1 H-NMR (CDCyS: 1.34 (3H, t, J=7.0Hz), 1.93 (2H, quintet, J=7.6Hz), 2.69-2.88 (4H, m), 4.32 (2H, 
q, J=7.0Hz), 6.79-6.93 (2H, m), 7.50-7.62 (1H, m), 7.96 (1H, s). 

Example 56 

30 

[021 9] To a solution of sodium 6-[N-(2,4-difiuorophenyl)sulfamoyIJ-1 -cyclohexene-1 -carboxylate (1 1 2 mg) obtained 
in Reference Example 12 in N ? N-dimethylformamide (2 ml), t-butyl bromoacetate (98 mg) was added with tee-cooling, 
and the mixture was stirred at room temperature for 43 hours. The reaction mixture was poured onto water (30 ml) and 
extracted with ethyl acetate (30 ml). The ethyl acetate layer was washed with water (30 ml) and dried over anhydrous 
35 magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was purified by chromatogra- 
phy on silica gel (eluent ethyl acetate/hexane = 1/3) to yield t-butyl [6-(N-(2,4-difluorophenyl)suIfarnoyO-1-cyclohexen- 
1 -yljcarbonyloxyacetate (Compound 59, 1 1 8 mg) as white powdery crystals. 

1 H-NMR (d 6 -DMSO)S: 1 .40 (9H, s), 1 .59-1 .85 (2H, m), 2.01 -2.46 (4H, m), 4.30 (1 H, d, J=5.0Hz), 4.50 (2H t s), 7.04- 
40 7.14 (1H, m), 7.21-7.54 (3H t m), 9.B4 (1H, s). 

Example 57 

[0220] To a solution of t-butyl [6-[N-(2,4-difluorophenyl)sulfamoyl]-1-cyclohexen-1-yl]carbonyloxyacetate (Com- 
45 pound 59, 80 mg) obtained in Example 56 in ethyl acetate (4 ml), a 4N solution of hydrogen chloride in ethyl acetate (5 
ml) was added with ice-cooling and the mixture was stirred at room temperature for 70 hours. The reaction mixture was 
evaporated under reduced pressure to dryness and the residue was purified by ODS column chromatography (eluent: 
methanol/water = 3/2) to yield [6-[N-(2,4-tfrfluorophery0sutfamoy0-^ acid (Com- 

pound 60, 25 mg) as white powdery crystals. 

so 

1 H-NMR (d 6 -DMSO)8: 1 .60-1 .82 (2H, m), 1 .98-2.42 (4H, m), 4.32 (1 H, d, J=4.4Hz), 4.52 (2H, s), 7.03-7.1 3 (1 H, m), 
7.21-7.54 (3H, m), 10.02 (1H, br), 13.0 (1H, br). 
SIMS: 375 (NT). 

55 Example 58 

[0221 ] A solution of ethyl 2-chlorosulfonyl-1 -cycloheptene-1 -carboxylate (0.56 g) obtained in Reference Example 4 
in ethyl acetate (3.5 ml) was added to a mixture of 2,4-difluoroaniline (0.35g), triethylamine (0.42 ml) and ethyl acetate 



63 



25 



30 



EP 1 063 228 A1 

Xp;sr«;,?^.~ ; -.-~.. 

% Calculated for C 16 H 19 F 2 N0 4 S : C, 53.47; H, 5.33; N, 3.90 
% Found : C, 53.52; H, 5.09; N, 3.93 

Example 59 

to yieW eC 6-m 2 <H^N^T T T"*" ^ **** N^n^-chtorobenzoyOg^nate (0.41 g) 

% Calculated for C^H^CIN^ : C, 49.58; H, 4.44; N, 3 85 
% Found ; C, 49.51 ; H, 4.35; N, 3.76 

Example 60 



« Example 61 



45 tals. 



% Calculated for C 14 H 1S CIFIM0 4 S : C. 48.35;' K 4.35- N 4 03 
so % Found : C, 48.42; H, 4.07; N, 4.04 ' " 

Example 62 
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1 H-NMR (d 6 -DMSO)5: 1 .69-1 .91 (4H, m), 2.38-2.54 (4H, m), 4.92 (2H, t, J=7.4Hz), 7.26 (2H, d, J=7.2Hz), 7.38 (2H, 
d, J=7.2Hz). 

% Calculated for C 16 H 14 F 5 N0 4 S : C, 46.72; H, 3.43; N, 3.41 
% Found : C, 46.79; H, 3.38; N, 3.29 



[0226] By the procedure similar to that employed in Example 58, ethyl 2-chlorosulfonyl-1 -cycloheptene-1 -carboxy- 
late (0.38 g) obtained in Reference Example 4 was reacted with 2-chloro-4-fluoroaniline (0.27 g) to yield ethyl 7-[N-(2- 
chloro^-fluoropheryl)sulf8JnoyO-1-c^cloheptene-1-carboxylate (Compound 65, 19 mg) as pale yellow powdery crys- 
tals. 

1 H-NMR (d6-DMSO)5: 1.23 (3H t t, J=7.0Hz), 1.19-1.38 (1H, m), 1.67-1.81 (3H, m), 2.02-2.15 (1H, m), 2.15-2.76 
(3H, m) ( 4.05 (2H, q, J=7.0Hz), 4.80 (1H, t, J=4.6Hz), 7.17-7.27 (1H, m), 7.44-7.59 (3H, m), 9.59 (1H, s). 
% Calculated for C 16 H 19 CIFN0 4 S : C, 51.13; H, 5.10; N, 3.73 
% Found : C, 51 .16; H, 5.19; N, 3.89 



[0227] To a solution of N-methylmorpholine (41 mg) in N.N-dimethytformamide (1 .5 ml), a solution of 6-[N-(2,4-drf- 
Iuorophenyl)surfamoy0-1-cyclohexene-1-carboxylic acid (64 mg) obtained in Reference Example 12 in N,N-dimethylfor- 
mamlde (1 ml) was added with ice-cooling. To this mixture, a solution of 1 -hydroxybenzotriazole (41 mg) in N,N- 
dimethylformamide (0.5 ml) and dicyclohexylcarbodiimide (52 mg) were added and the mixture was stirred with ice- 
cooling for 1 hour and then at room temperature for 1 6 hours. The reaction mixture was combined with ethyl acetate (20 
ml) and the insolubles were filtered off. The filtrate was washed successively with a 1 0% aqueous solution of phosphoric 
acid (20 ml), water (20 ml), a 5% aqueous solution of sodium bicarbonate (20 ml), water (20 ml) and then saturated 
brine (20 ml) and dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. 
The residue was combined with ethyl acetate (3 ml) and the insolubles were filtered off. The filtrate was concentrated 
under reduced pressure and the residue was purified by chromatography on silica gel (eluent: ethyl acetate/hexane = 
1/2) and crystallized from diisopropyl ether to yield 2-(2 > 4-d*rfluorophenyl)-5,6,7,7a-tetrahydro-1,2-benzoisothiazol- 
3(2H)-one 1,1 -dioxide (Compound 70, 25 mg) as white powdery crystals. 

1 H-NMR (d 6 -DMSO)8: 1.59-1.82 (2H, m), 1.98-2.06 (1H, m), 2.37-2.46 (3H, m), 4.84-4.91 (1H, m) t 7.17-7.37 (2H, 
m), 7.49-7.65 (2H, m). 
SIMS: 300 (MH+) 



[0228] By the procedure similar to that employed in Example 33, ethyl 2-chiorosulfonyM -cyclohexene-1 -carboxy- 
late (1 1.8 g) obtained in Reference Example 2 was reacted with 2-chloro-4-fluoroaniline (8.84 g) to yield ethyl 6-[N-(2- 
chloro-4-fluorophenyl)sulfamoyI]-1 -cyclohexene-1 -carboxylate (Compound 29, 1 1 .3g) as white crystals. This substance 
was identical physicochemically with Compound 29 obtained in Example 26. 



[0229] Ethyl 6-[N-(2-chloro-4-f1uorophenyl)sulfamoyI]-1 -cyclohexene-1 -carboxylate (Compound 29, 2.01 g) 
obtained in Example 65 was resolved by high pressure liquid chromatography (CHIRALPAK AD; eluent hexane/ethanol 
= 9/1) into two optica] isomers to yield 1 -ethyl 6-[N-{2-chloro-4-fluorophenyl)sulfamoyl]-1 -cyclohexene-1 -carboxylate 
(Compound 71, 979 mg) and d-ethyl 6-[N-(2-chlom-4-fluoropheny0surramoyl]-1 -cyclohexene-1 -carboxylate (Com- 
pound 72, 959 mg) as an oil, respectively. 

[0230] Compound 71 (833 mg) was crystallized from a mixture of diisopropyl ether and hexane to obtain colorless 
prism-like crystals (681 mg) of Compound 71 . 

1 H-NMR (d6-DMSO)8: 1 .05 (3H f t, J=7.0Hz), 1 .55-1 .84 (2H, m), 1 .96-2.43 (4H, m), 4.00 (2H, q, J=7.0Hz), 4.29 (1 H, 
d, J=5.0Hz), 7.10 (1H, br), 7.20-7.30 (1H, m), 7.50-7.58 (2H, m), 9.73 (1H, s). 
% Calculated for C 15 H 17 CIFN0 4 S : C f 49.79; H, 4.74; N, 3.87 
% Found : C, 49.55; H, 4.46; N, 4.08 
[apo -1 1 1 .0° (c=1 .0, in methanol) 



Example 63 



Example 64 



Example 65 



Example 66 
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WPd +1 1 1 .0° (c=1 .0, In methanol) 
io Example 67 

Example 68 

Example 69 

- Kto a KiS^^ 9) obtained in Reference Examp,e 14 was 

the mixture was stirred at JSSZ^^ 7 £ > ^ aC " tato (3 m,) Wfth ^ 

washed with water (30 ml) The eZT^lLI lT 2? ^ diluted with eth V l» ml) and 
dried over anhydrous sodlumsuS SEZZZZ T ^ ^ ° 5 N HC ' (3 ° m ° md satura,ed brin * 30 ml) and 

chromatograpn; on silica gTl 5K2SS2T SJ? IT* — SUbjeCted to fl - h «*■» 

methanol/water/acetic acid = 7/3/0.02) to^^^ i^ °£? flaSh C ° lumn *™«*Why (eluent 

7.03-7.57 (9H, m), 9.94 (1H, 8 ). ( m)> 4 -° 5 (2H ' q ' J=7 4H2 )- 4 43 * J=5.0Hz). 

% Calculated for C^FjNC^S : C. 59.85; H, 5.02; N 3 32 
% Found : C, 59.96; H, 5.17; N, 3.17 

Example 70 



40 
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51 mg, colorless powdery crystals) of ethyl 6-{N-(2-chloro-4-fluorophenyl)sulfamoyQ-3^ 
ylate. 

More polar diastereomer (Compound 77): 1 H-NMR (de-DMSO)5: 1.06 (3H, t. J=7.0Hz), 1.88-2.26 (3H, m), 2.49- 
5 2.63 (1 H, m). 3.58-3.67 (1 H, m), 4.04 (2H, q, J=7.0Hz), 4.0 (1 H, d, J=3.6Hz), 6.97 (1 H, d, J=2.6Hz), 7.22-7.41 (6H, 

m) t 7.51-7.63 (2H, m), 9.85 (1H, s). 

% Calculated for C^ H 21 CIFN0 4 S : C, 57.60; H, 4.83; N, 3.20 
% Found : C, 57.60; H, 4.87; N, 3.06 

Less polar diastereomer (Compound 78): 1 H-NMR (CDCyS: 1.08 (3H, t, J=7.2Hz), 1.54-1.63 (1H, m), 1.81-1.98 
70 (1H, m), Z30-2.65 (2H, m), 3.77-3.79 (1H, m), 4.05 (2H, q, J=7.2Hz), 4.44 (1H, d, J=4.8Hz), 7.05-7.61 (9H, m), 
9.83 (1H, s). 

% Calculated for C 21 H 21 CIFN0 4 S : C, 57.60; H, 4.83; N, 3.20 
% Found : C, 57.57; H, 4.86; N, 3.07 

15 Example 71 

[0236] 2,4-DifluoroaniIine (0.39 g) was dissolved in ethyl acetate (5m!) and the resultant solution was admixed with 
triethylamine (0.65 ml) with ice-cooling, and then treated dropwise with a solution of ethyl 5-t-butyl-2-chlorosulfonyl-1- 
cyclohexene-1-carboxylate (0.72 g) obtained in Reference Example 16 in ethyl acetate (9 ml). The reaction mixture was 

20 stirred under nitrogen flow at 0°C for 30 minutes then at room temperature for 46 hours. The reaction mixture was 
diluted with ethyl acetate, and washed successively with water (80 ml), 0.5 N HCI (80 ml), water (60 ml x 2) and satu- 
rated brine (80 ml). The ethyl acetate layer was dried over magnesium sulfate and the solvent was distilled off under 
reduced pressure. The residue was subjected to column chromatography on silica gel (eluent ethyl acetate/hexane = 
1/7 -»1/6) and desired fractions were concentrated under reduced pressure. The residue was subjected to medium- 

25 pressure ODS chromatography (eluent methanol/water = 6/4) and then to high pressure liquid chromatography (YMC- 
Pack, ODS, eluent: acetonitrile/water = 55/45 -* 60/40) to isolate a more polar compound and a less polar compound 
separately. Each desired fraction was concentrated under reduced pressure and the residue was extracted with ethyl 
acetate and then washed with water and saturated brine. The ethyl acetate layer was dried over magnesium sulfate and 
the residue was crystallized from a mixture of ethyl acetate and hexane to yield a more polar diastereomer (Compound 

30 79; 0.08 g) and a less polar diastereomer (Compound 80; 0.03) of ethyl 6-[N-(2,4-difluorophenyl)sulfamoyl]-3-t-butyl-1 - 
cyclohexene-1-carboxyiate each as white crystals. 

More polar diastereomer (Compound 79): 1 H-NMR (de-DMSO)5: 0.91 (9H, s), 1 .1 0 (3H, t, J=7.2Hz), 1 .35-1 .51 (1 H, 
m), 1.90-2.30 (4H, m), 4.04 (2H, q, J=7.2Hz), 4.40 (1H, d, J=4.6Hz), 7.02-7.14 (1H, m), 7.13 (1H, br), 7.41-7.53 
35 (2H,m), 9.85(1 H,s). 

% Calculated for C^H^NC^S : C, 56.84; H, 6.28; N, 3.49 
% Found : C, 56.77; H, 6.04; N, 3.64 

Less polar diastereomer (Compound 80): 1 H-NMR (d 6 -DMSO)5: 0.93 (9H, s), 1 .07 (3H, t, J=7.0Hz), 1 .58-2.43 (5H, 
m), 4.02 (2H, q, J=7.0Hz), 4.24 (1H, d, J=4.8Hz), 7.03-7.12 (1H, m), 7.1 1 (1H, br), 7.27-7.55 (2H, m), 9.86 (1H, s). 
40 % Calculated for C 17 H 21 F 2 N04S : C, 56.84; H, 6.28; N, 3.49 
% Found : C, 56.75; H, 6.15; N, 3.66 

Example 72 

45 [0237] By the procedure similar to that employed in Example 71 , ethyl 5-t-butyl-2-chlorosulfonyl-1 -cyclohexene-1 - 
carboxylate (0.74 g) obtained in Reference Example 16 was reacted with 2-ch!oro-4-fluoroaniline (0.45 g) to yield a 
more polar diastereomer (Compound 81 ; 0.04 g) and a less polar diastereomer (Compound 82; 0.02 g) of ethyl 6-[N- 
(2<:hloro-4-fluorophenyl)sulfamoy^ each as white crystals. 

so More polar diastereomer (Compound 81 ): 1 H-NMR (dg-DMSOJS: 0.91 (9H, s), 1 .08 (3H, t, J=7.0Hz), 1 .38-1 .53 (1 H, 
m), 1.92-2.31 (4H, m), 4.04 (2H, q, J=7.0Hz), 4.41 (1H, d, J=6.6Hz), 7.14 (1H, br), 7.19-7.27 (1H, m), 748-7.57 
(2H,m),9.73(1H,s). 

% Calculated for C 19 H 25 CIFN0 4 S : C, 54.60; H, 6.03; N, 3.35 
% Found : C, 54.35; H, 5.89; N, 3.51 
55 Less polar diastereomer (Compound 82): 1 H-NMR (d 6 -DMSO)8: 0.92 (9H, s), 1 .05 (3H, t, J=7.0Hz), 1.59-2.55 (5H, 
m), 4.00 (2H, q, J=7.0Hz), 4.26 (1H, d, J=4.6Hz), 7.10 (1H, br), 7.20-7.30 (1H, m), 7.49-7.58 (2H, m), 9.73 (1H, s). 
% Calculated for C 19 H 25 CIFN0 4 S : C, 54.60; H, 6.03; N, 3.35 
% Found : C, 54.42; H, 5.99; N, 3.38 
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[0238] 2,4-DlfluoroaniIine (1.51 g) was dissolve in , 

with triethylamine (2.51 ml) with ice^^ m,) ™ d * e resu ^t solution was admixed 

dimethyl-1-cy C lohexene-1-cartx, xyla ,e (2.53 Ig ooteined " T * °' 6thy ' ^Mr^S.S- 

m,xturewas stirred "nder nitrogen flow at 0'^^^ 

ture was diluted with ethyl acetate, and washed s^^k 1 ™ tem P erature ,or64 -5 "ours. The reaction mix- 
2) and saturated brine (120 ml). The 02 ° ** " N HCI < 120 "-r (120 m lx 

off under reduced pressure. The residue ^pS^t^^T'^^^ 8 ^" 1 ^^ 
tate/hexane = 1/9 _ 1//). A desired fraction vJcolSn^JT* ChrDma, ° 9raphy ° n silica 9 el < elu «* ethyl ace- 
feed from a mixture of ethyl acetate IdSp^^ 
c«methy1.l«yc,oh^ 

X R sr 0 i?2^ 

7-54 (1H, m), 9.88 (1H s) . ( ' * J=4 " 4H2 >' 6 79 PH. «). 7.04-7.08 (1H.m). 7.12-7.36 (1h! m). 7A2- 

%CalculatedforC 11 H 21 F 2 N04S. C 54 68-H Srtm o ■« 
% Found : C. 54.59; H, 5.72; * 3.72 ' ' ^ 3 75 



20 Example 74 



30 



Kcart>2£ fo^^Si! R^S'2^ te ^r Ple 73 ' ^'^orosu^-^meti.yM-cyclohex. 
^6W2<hloro^fluoropheny0sulK?3^S 

white crystals. K y " ^^' 3 ^«hyl-i.cyclohexene-i -carooxylate (Compound 84; 0.13 g) as 



Example 75 



40 



45 



50 



and the mixture was stirred at 90-C for 7 hours Tta «SE? > 2 ' 2 ^^^utyronitri le (0.5 mg) were added 
Witt, ethyl acetate (20 ml), washed with satu^tr ne T 2 0 It,d r^t^ ***** < 20 mI >. extracted 
was distilled off and the resultant residue wasTurified fiL? T ? anhydrous sodium «**•■ The solvent 
tatemexane =1/20-, ethy, acetatemexanT! 5^J2^ fl ^r ,B ^ °" *■ 96 ' (e,Uent a ~ 

dSS^ 

; ^^^^^ -r- 16 (ih - m) - ™- 7 - 55 « * — oJ* 

SmelTn^n^ 
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Table 3 




N-Ar 



J Compound 

I Nn 




Ar " ■ 


6 7 


[$ 




J 0 O 


GC 




6 9 j 




-H^~0CH,CF 2 C Fj 


70 jf 


Cu 


F 1 



11 r 
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(more 
polar 
diastereom 
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C,H, 
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7 6 
(less 
polar 
diastereom 
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(more 
polar 

diastereom 
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8 3 


F 


84 


CI 



15 



Experiment 1 NO Production-inhibiting effect 

20 [0242] Mouse macrophage cell line RAW264.7 was used as an iNOS-inducible cell and a test compound was 
examined for *rts% inhibition of NO production. The test compound was dissolved at 10 mM in N,N-dimethylformamide 
and diluted with an RPMI-1640 medium at the concentration of 0.1 mM. The concentration was further adjusted using 
the medium so that a final concentration ranging from 1 0 uM to 1 0 nM could be obtained by a 1 0-fold serial dilution and 
the test compound was added to a culture medium. On the day before the experiment, the cell was adjusted at 5 x 

25 1 0^/ml in an RPMI-1 640 medium supplemented with 1 0% inactivated fetal calf serum and inoculated to a 96-well micro- 
plate at 1 x 10 5 cells/0.2 ml per well. After incubating at 37°C under an atmosphere of 5% COg/95% air overnight, the 
test compound adjusted as described above was added and then LPS and interferon gamma were added at the final 
concentrations of 5 ng/ml and 1 U/rnl, respectively. After further incubating overnight, culture supernatants were exam- 
ined for the concentration of nitrite ion (stable metabolite of NO) which was used as an index for the NO production. The 

30 nitrite ion concentration was determined by adding 25 uJ of 20 jig/ml of 2,3-diaminonaphthalene (DAN) to 50 uJ of the 
culture supernatant, followed by incubating at room temperature for 1 0 minutes, followed by adding 25 uJ of 0.5 N 
NaOH, followed by determining a fluorescence at 450 nm (excitation wavelength: 365 nm). The results are shown in 
Table 6. An ICso represents the concentration of the test compound which inhibits 50% of the NO production. 
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Table 6 



1 Compound No. 


_IC S0 UM) 




0. 12-0. 32 


L? 2 


1. 1 


LZ 3 


0. 013-0. 039 


LT 4 


2. 6 


L 5 


I 3. 7 


L 6 


0. S& 


P 7 


4. 0 


1 8 


4. 8 


fZL 9 


J4. 1 


r io 


0. 0 5 8 


r 11 


JO. 3 1 J 


r 12 


1 0. 1 8 | 


F 1 3 


0. 46 j 


L 1 4 


0. 59 j 


1 1 5 


0. 28 j 


F 1 6 4 


0. 1 8 "j 


r 17 1 


2. 6 


1 18 t 


4. 4 


L 1 9 1 


2. 0 


1 ? n I 


0.0 0 5 


P 21 L 


2. 4 j 


1 2 2 jT 


0. 1 8 i 


2 3 


0.0 2 7 ~J 


24 i 


3. 78 


2 5 ( 
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2 6 


3. 3 


2 7 


0.2 5 


2 8 


0.029 


2 9 


0 . 0 0 9 3 


3 0 


0. 5 4 


3 1 


0. 2 3 


3 2 


0 2 3 


3 3 


0 2 6 




ft 3 5 




0 OR? 

V • V O 


3 6 
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V/ • x o 


3 R 


0 0 4 1 
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0 3 2 
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2 5 


4 1 


0 2 4 


4 2 


X • X 
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0 0 7 3 
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3 7 


4 5 


0. 0 2 7 


4 6 


0. 0 5 4 


4 7 


0. 0 4 8 


4 8 


3. 8 


4 9 


5. 6 


5 0 


2. 0 


5 1 


4. 0 


5 2 


4. 3 


5 3 


2. 4 


54 


2. 3 


5 5 


3. 3 


5 6 


1. 0 


5 7 


4. 6 


58 


0. 39 


59 


0. 54 
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—~ 6J)__ 


7. 9 


6 1 


2. 8 


62 


3. 8 


63 


8. 4 


64 


0.2 5 ~ 


65 


'0. 32 


6 6 


8. 1 


6 7 


6. 0 


6 8 


5. 1 


6 9 


6. 8 


7 0 


0. 3 5 



Experiment 2 Cytokine production-inhibiting effect 

30 [02 ^J Usin 9 mouse mecrophage cell line RAW?fid 7 « . - 

^one production. ^etesteon^und waTcfeSSToniMto eXamined for « "*■»" of a 
1 640 medium at the concentration of 0 1 mM 11 " N - N -<«methylformamide and diluted with an RPMI 

concentration ranging from 1 0 nM to 10 nMcdjid te^btairmdh at ^ usteo ' us ' n 9 the medium so that a final 

added to a cuttura med,um. On the day ZZ L e^i ll 2" ^ and "» test «^n5 was 

* medium supplemented with 10 % inactivated ™„ • ' !f adjUSted 81 5 * 1 ° 5 *"' RPMMeS 
m. per well After incubating at 37-C under JESSIE 'SSS * * ^ * 1 * ,()S 

as described above was added and then LPS and EES " r overni 9 ht . the test compound adjusted 

and 1 U /ml> rospective.y. After further bating ov « XT" "™ ^ 81 * e fina ' «>ncentraSons of 5^ 

^--.C.reprasento.e— iWM^--: 
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Table 7 



Compound No. 






TNF-a 


IL-1a 


IL-6 


1 


0. 20 


0. 39 


0. 061 




0.53 




0. 014 



and each ICsq was indicated. 



[0246J In Table 7, TNF-a and IL-6 were tested twice 
K EXperimem 3 Effect « increase in blood nitric oxide level 
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Accordingly, an experimental animal was used to examine the effect of test compounds on the increase in the blood 
NOx level. 

[0248] Famale BALB/c mice (6 weeks old) were purchased and acclimatized for 1 week and assigned to the groups 
in each of which 6 to 8 animals were included. In a treatment group, 30 mg/kg of a test compound suspended in a 0.5% 

5 aqueous solution of methyl cellulose was given, orally. In a control group, the vehicle was given similarly. After 1 hour, 
LPS (10 mg/kg) was given intraperitoneally to each animals in the treatment and control groups, and the blood was 
taken 6 hours after the LPS administration and examined for the serum concentration of nitrite ion + nitrate ion. The 
nitrate Ion was converted into the nitrite ion using a nitrate reductase, and the measured values, which was obtained by 
the fluorescent method using DAN described above, were represented as the total nitrite ion concentration. A% inhibi- 

io tion in a treatment group when compared with the control group is shown in Table 8. 



Table 8 



75 



Compound No. 


Inhibition % of NO in 
blood 


1 


76 


3 


90 



20 ■ 

Experiment 4 Effect on increase in blood cytokine level 

[0249] As a result of a defense mechanism against an infection or an immune abnormality, various in vivo cytokines 
are produced. Accordingly, an experimental animal model was used to examine the effect of a test compound on the 

25 increase in the blood cytokine level. 

[0250] Female BALB/c mice (6 weeks old) were purchased and acclimatized for 1 week and assigned to the groups 
in each of which 6 to 8 animals were included. In a treatment group, 30 mg/kg of a test compound suspended in a 0.5% 
aqueous solution of methyl cellulose was given orally. In a control group, the vehicle was given similarly. After 1 hour, 
LPS (1 0 mg/kg) was given intraperitoneally to each animal in the treatment and control groups, and the blood was taken 

30 1 hour after the LPS administration and examined for the serum concentrations of TNF-a. IL-1 a, IL-1 B and IL-6 con- 
centrations were determined using the serum from the blood taken 6 hours after the LPS administration. A% inhibition 
in a treatment group when compared with the control group is shown in Table 9. Each cytokine was determined using 
an assay kit manufactured by Amersham. 

35 

Table 9 



Compound No. 


Inhibition % of cytokine in blood 




TNF-a 


IL-1 a 


IL-1B 


IL-6 


1 


98 


97 


73 


89 



[0251] As evident from Tables 6 to 9, Compound (le) has an excellent inhibitory effect on NO production, inhibitory 
effect on cytokine production, inhibitory effect on the increase of nitric oxide concentration in blood and inhibitory effect 
45 on the increase of cytokine concentration. 

[0252] The compound numbers in Tables 6 to 9 correspond to the compound numbers in Tables 1 to 5. 

Industrial Applicability 

so [0253] An inventive Compound (laa) and Compound (le) have nitric oxide (NO) production-inhibiting effect and 
cytokine production-inhibiting effect, and are useful as a prophylactic and therapeutic agent against the diseases includ- 
ing cardiac diseases, autoimmune diseases, inflammatory diseases, central nervous system diseases, infectious dis- 
eases, sepsis, septic shock and the like. 

55 Claims 

1 . A compound represented by the formula: 
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(laa) 



tTJ^zizxi^^r: 9 t having — - «•»* 

the tan*: ORt (wherein Ri m^TZZlS*™!* a group 

represented bv 

stituents) or a group represented by the femSfc P ^ W™ 03 * 0 " 9r°up optionally having sub- 

s'* 

R° represents a hydrogen atom or SXhaSc^^^u^* 73"* 8pBoni * ^ SObstftue "* 
nng A is a cycloalkene substituted by 1 to 4 fT h !. " a bond with each 

stituents, (ii) an aromatio hydrocarbon " **«»*on group optionally having su^ 

OR' (wherein Ri represents the salTanTg Z XSSSS^h^^'^^^^ 




represents a group represented by the formula: 



or 




and n is an integer of 1 to 4, or a salt thereof. 
A compound represented by the formula: 
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(la) 



wherein R represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon 
group optionally having substituents, a heterocyclic group optionally having substituents, a group represented by 
the formula: OR 1 (wherein R 1 represents a hydrogen atom or an aliphatic hydrocarbon group optionally having sub- 
stituents) or a group represented by the formula: 

(wherein R 1b represents a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents, R 1c is, 
same with or different from R 1b , a hydrogen atom or an aliphatic hydrocarbon group optionally having substituents), 
R° represents a hydrogen atom or an aliphatic hydrocarbon group, or R and R° represent a bond with each other, 
Ar represents an aromatic hydrocarbon group optionally having substituents, a group represented by the formula: 




represents a group represented by the formula: 




or 




and n is an integer of 1 to 4, provided that when n is 1 or 2 and (1 ) R 1 is a hydrogen atom or an ethyl group, R° is 
a methyl group and Ar is a phenyl group or (fi) R and R° represent a bond with each other and Ar is a phenyl group, 
a 2-methylphenyl group, a 4-bromophenyl group, a 4-methoxyphenyl group or a 2,6-dimethylphenyl group, a group 
represented by the formula: 

is a group represented by the formula: 
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(cHP OC 



, or a salt thereof. 



3 ' iEZZXSF jn **" * M COmp ° Und re ^ ted * *• <W * a compound repre- 




(CH P« !l (lb) 

tT e e folt r6PreSentS 8 hydr ° 9en ^ ° r Bn aRphatfc hydr ° Cart>0n 9r0Up ' R1 - " and »° W rented by 




- e Same me ! n , in9S 85 defin ! d in daim 2 ' P rovided that when n is 1 or 2. Ar is a phenyl group Ri is , 
hydrogen atom or an ethyi group and R* is . methyl group, the group represented by the fonSuI- 




is a group represented by the formula: 



cm, OC 



iSZSL former C ' a,m * " N " h ^ C ° mP0Und repreS6nted » "» fo ™ ,a < la > * * compound repre- 



0 
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wherein Ar and n represent the same meanings as defined in claim 2. 

5. A compound as claimed in claim 1 , wherein the compound represented by the formula (laa) is a compound repre- 
sented by the formula: 



wherein each symbols represents the same meaning as defined in claim 1. 

6. A compound as claimed in claim 5, wherein the ring A is a cycloalkene substituted by lower alkyi, phenyl or halo- 
gen, R 1 is a lower alkyi group, Ar is a phenyl group optionally having substituents, and n is 2. 

7. A compound as claimed in claim 3, wherein R 1 is a lower alkyi group optionally having substituents. 

8. A compound as claimed in claim 3, wherein R 1 is an ethyl group. 

9. A compound as claimed in claim 3, wherein R 2 is a hydrogen atom or a lower alkyi group. 

10. A compound as claimed in claim 3, wherein R 2 is a hydrogen atom. 

11. A compound as claimed in claim 3, wherein Ar is a phenyl group optionally having substituents. 

12. A compound as claimed in claim 3, wherein Ar is a phenyl group substituted by halogen or/and lower alkyi. 

13. A compound as claimed in claim 3, wherein Ar is a group represented by the formula: 



wherein R 4 and R 5 are same or different and represents a halogen atom or a lower alkyi group, and n is an integer 
of 0 to 2. 

14. A compound as claimed in claim 3, wherein the halogen atom is a fluoro atom or a chloro atom. 

15. A compound as claimed in claim 3, wherein the group represented by the formula: 



0 




(Ibb) 





is a group represented by the formula: 



89 



EP 1 063 228 A1 



(c CX 



wherein n is the same meaning as defined in claim 2. 

16. A compound as claimed in claim 3, wherein n is 1 to 3. 

17. A compound as claimed In claim 3, wherein R 1 is a lower alkyl group optionally having substituents, R* is a hydro- 
gen atom or a lower alkyl group, Ar is a phenyl group optionally having substituents, n is 1 , 2 or 3. 

18. A compound as claimed in claim 3, wherein R 1 is a lower alkyl group optionally having substituents, R* is a hydro- 
gen atom, Ar is a phenyl group substituted by a halogen atom, n is 2. 

19. A compound as claimed in claim 4, wherein Ar is a phenyl group optionally having substituents, n is 2. 

20; A eompound as claimed in claim 2, wherein the compound represented by the formula (la) is a compound repre- 
sented by the formula: 



(Id) 



S0 2 l4 — Ar 



wherein R< , R* and Ar represent the same meanings as defined in claim 3. a group represented by the formula: 




represents a group represented by the formula: 



or 



oc 



provided that when Arte a phenyl group, R 1 is a hydrogen atom or an ethy! group and R 2 is a methyl group, the 
group represented by the formula: n p ' 
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is a group represented by the formula: 




21. A compound as claimed in claim 2 which is d-ethyl 6-[N-(2,4-d*rfluorophenyl)sulfamoyl]-1-cyclohexene-1-carboxy« 
late or a salt thereof. 

22. A compound as claimed in claim 2 which is ethyl 6-[N-(2,4-chlorophenyl)sulfamoyQ-1 -cyciohexene-1 -carboxylate or 
a salt thereof. 

23. A compound as claimed in claim 2 which is ethyl 6-[N-(2-chloro-4-methylphenyl)sulfamoyI]-1 -cyclohexene-1 -car- 
boxylate or a salt thereof. 

24. A compound as claimed in claim 2 which is d-ethyl 6-[N-(2-ch!oro-4-fluorophenyl)sulfamoyl]-1 -cyclohexene-1 -car- 
boxylate or a salt thereof. 

25. A method for producing a compound as claimed in claim 3 which comprises reacting a compound represented by 
the formula: 

0 




(Ila) 



wherein R 1 and n represent the same meanings as defined in claim 3 and X 1 represents a leaving group, or a salt 
thereof with a compound represented by the formula: 



HtC (Ilia) 
Ar 



wherein each symbols represents the saute meaning as claimed in claim 3, or a salt thereof. 

26. A method for producing a compound as claimed In claim 4 which comprises subjecting a compound represented 
by the formula: 
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A/ 1 



o 
fi 

C— OH 



reac- 



» wherein each symbol re p res ems the same meaning as claimed in claim 4. or a salt thereof to a ringing 
27 'me m f2r rProdUdn9aCOTPOUnd - 

co 2 r' 



20 



25 



lc)„ 

SO f X' 



HN^ Ar (Ilia) 

wherein each symbols represents the same meaning as claimed in claim 20. or a salt thereof. 
28. A pharmaceutical composition which contains a compound represented by the formula: 



(laa) 



T* haV "* «*— * « a-atic hydrocarbon 
the formuia: OR'SZ. ^^presenl a haVin9 a 9™P Resented by 

stents) or a group reXS^fo^ ^ " " ■""» ha ^ 




or Zremtm STL* 0 " 1 0r 30 a,i P hatic ^rocareon group optionally having substituents R* is 

ring A is a cycloalne^ L " ref>reSemS 3 b ° nd With eaCh 0ther " 
. stents, (if) an aromatic ^2 ^Sal^^'nT b0n W CpB ° n- * ^ SUb " 
-^-ere.nRireprese^.esa^LSr^ 
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aromatic hydrocarbon group optionally having subst'rtuents, a group represented by the formula; 



(CH,)„ A j] 



represents a group represented by the formula: 



(cHi> <^C 



or 



ccH2> 3C 



and n is an integer of 1 to 4, or a salt thereof. 
29. A pharmaceutical composition which contains a compound represented by the formula: 



(le) 




SOjll — Ar* 



wherein R a represents an aliphatic hydrocarbon group optionally having substituents, an aromatic hydrocarbon 
group optionally having substituents, a heterocyclic group optionally having substituents, a group represented by 
the formula: OR 1a (wherein R 1a represents a hydrogen atom or an aliphatic hydrocarbon group optionally having 
substituents) or a group represented by the formula: 

<«- 

(wherein R 1a represents the same meaning as defined above, R 1b is, same with or different from R 1a , a hydrogen 
atom or an aliphatic hydrocarbon group optionally having substituents, R 03 represents a hydrogen atom or an 
aliphatic hydrocarbon group, or R a and R 03 represent a bond with each other, Ar 3 represents an aromatic hydro- 
carbon group optionally having substituents, a group represented by the formula: 




(CHp n 



represents a group represented by the formula: 
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cc CX 

or 



n represents an integer of 1 to 4, or a salt thereof. 
30. A pharmaceutical composition which contains a compound represented by the formula: 



Of) 




S0,N — Ar' 



wherein R 28 represents a hydrogen atom or an aliphatic hydrocarbon group, R 1a , Ar 8 , n and the group represented 
by the formula; 



represent the same meanings as defined in claim 29, or a salt thereof. 
31. A pharmaceutical composition which contains a compound represented by the formula: 



COJt' 



(!g) 



S0 2 N — Ar* 



wherein R 1a f R 2 * and Ar 3 represent the same meaning as defined in claim 30 and the group represented by the 
formula: 




is a group represented by the formula: 
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or 

oc. 



15 

32. The pharmaceutical composition as claimed in any one of claims 28 to 31 which is an agent for inhibiting nitric oxide 
and/or cytokine production. 

33. The pharmaceutical composition as claimed in 32 which is an agent for preventing or treating cardiac disease, 
20 ' autoimmune disease or septick shock. 

34. Use of the compound represented by the formula (laa) or (le) for manufacturing an agent for inhibiting nitric oxide 
and/or cytokine production. 

25 35. A method for inhibiting nitric oxide and/or cytokine production in mammals which comprises administrating to a 
subject in need an effect amount of the compound represented by the formula (laa) or (le). 

36. Use of the compound represented by the formula (laa) or (le) for manufacturing an agent for preventing or treating 
cardiac disease, autoimmune disease or septick shock. 

30 

37. A method for preventing or treating cardiac disease, autoimmune disease or septick shock in mammals which com- 
prises administrating to a subject in need an effect amount of the compound represented by the formula (laa) or 
(le). 

35 38. A pro-drug of the compound as claimed in claim 1 or 2. 

39. A pharmaceutical composition which contains the pro-drug as claimed in claim 38. 
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